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PREFACE. 

A loNo experience of teaching Machine ( \>nst,i‘iic*t ion and Drawing (o .students of many kinds lias led to 1 lie 
conclusion that in order to he aide to produce in a reasonable time a working drawing of, say, a ]iiacliine. 
Ar an engine detail, a student, must know thojoughly certain fundamental facts. He must, for instance, be 
familiar with the proportions usually adopted for such simple, details as rivets, holts, keys, ('otters, and so on. 

The plan followed in this hook has been first to describe these details briefly, and then to give what 
may termed their usual empirical proportions — which ar< ¥ obtainable without calculation. In any subsequent 
drawing given in the hook or to be made by the student in which these simple machine or engine details 
occur, the. dimensions have to be determined from the empirical proportions previously supplied. In this 
wav the student- gains unconsciously a. complete, familiarity with the. commonly occurring simple details. 
In special eases, of course, calculations are necessary, and the results obtained by actual experience in 
particular instances must he utilised. The student is shown, by numerous examples, how these processes are 
performed. 

An examination of the contents of the volume will, it is believed, show that an unusually large, number 
as well as a great variety of machine and engine, details have, been brought, together in the hook. It. 
should he. understood, however, that no attempt has been made to include every essential with which a 
machine draughtsman should be. acquainted. 

After the first three chapters have been mastered, the various sections may he taken in any oraer that 
the teacher finds most convenient. Students working alone may iind it. the best plan for a first reading — 
uter studying the first three, chapters to deal only with the easier examples which begin each chapter, 
serving the remaining exercises for a subsequent, perusal of the book. 
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It is almost impossible to acknowledge each one of t he many sources from which assistance has been 
obtained in preparing the book, but reference must be made gratefully to the well-known standard works 
of Prof. Unwin. Numerous examples have been taken from examination papers, particularly those of the 
Board of Education, and permission to do this lias been given by the Controller o£ H.M. Stationery Office; 
these questions are recognised easily by the letters R.E. attached in each case. 

1 am indebted to Mr. 0. P. Butler for several photographs reproduced in the following pages, and to 
the Council of the Institution of Mechanical Engineers for kind permission to use illustrations which appear 
in their publications. 

The work of preparing the MSS. and of seeing the book through Hhe press has been lightened a great 
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CHAPTER I. 
INTRODUCTORY. 



Introductory. Although in some subjects, such as Freehand or Model Drawing, it is necessary to draw 
straight and curved lines without the aid of mathematical instruments, this is not the case in Machine 
Drawing. In making the drawings with which the reader of this book is concerned, such 
instruments arc continually required, and it therefore becomes necessary at the outset to 
indicate the really necessary instruments, and also to explain how, when these have been 
obtained, they may be maintained in an efficient condition. • 

The few necessary instruments should be as far as possible of the best quality. A 
mistake too often made by the beginner is to substitute quantity for quality, the result 
taking the fqrm of a nicely varnished box containing a number of instruments the majority 
of which arc probably of little or no use. If to commence with it is impossible to purchase 
a good and fairly complete set, it will he better and cheaper for the student in the long 
run to obtain those instruments which are absolutely necessary and afterwards to udd 
gradually to his stock. 

Pencils. Pencils should be neither too hard nor too soft ; with the former, grooves 
are frequently made in the paper; while with the latter, it is a difficult matter to draw 
lines sufficiently fine for accurate work, as well as to preserve a uniform thickness of line 
throughout. In using soft pencils/ also, a portion of the lead is easily rubbed oft by the 
friction of the set squares and this is deposited on the surface of the paper in the iorm 
of dust* which tends to give the drawing a smeared and dirty appearance. 

Probably the best pencil for general work will be found to be an HH or H, although in many cases an 
HHH or HHHH may be used with advantage. Such pencils are used most conveniently, when sharpened 
to a chisel point, along the edges of the T-square and the set squares. With this form of point (II lg. 1) * 

C.M.C. A 
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edge is easily maintained by occasionally rubbing on a piece of five sand paper or on a smooth file. 
A softer pencil may be used for sketching or for general purposes and may be sharpened to a 

round point (Kig. 2). 

Compasses. One pair of (.-inch compasses will be required. The legs ^should be double-jointed, 

one terminating in a round point, or arranged to carry a needle, the other carrying a pencil or an 

inking-pen. 

When a needle is used it should be as firm as possible. To effect this there are many 
/ different methods of fastening adopted, and of these that shown in Kig. 8 is very effective. The 

I joinf ‘d J may be tightened or released by means of a small steel' .key, which consists simply 

f of a small flat piece of steel with two pins or projections fitting tlie two small holes of the 

compass. The adjustment just, referred to is frequently necessary. Thus, if the joint is too tight, 
2. ? ou >e dillieulty will be experienced in readily setting the compasses to a dimension; and if the joint 

is not sufficiently firm, an alteration may occur during the process of transferring a dimension frotn 
place* to another. * 


Dividers. Two forms of dividers are shown 


which is better 



Km. 3.-0" Compass- Fro. •!. - Divi.lcru. 


C 

than that at A, is provided with a screw adjustment. In t this ease rotation of the screw S to the 
right or left enables the point to wl.irli > is attached to 1m*. opened or closed through a small distance. 

Smaller compasses, pen and pencil, of about the size shown in Fig. 5, arc necessary. Those most 
suitable have two joints, as shown at J ami K. Ju the ease of the pen compasses the knee Joint At 
K is indispensable for good work. 



NECESSA RY INSTRUMENTS 


d 




Drawing pen. There are many varieties of drawing pens. One of the most 
(Fig. (i). The pen should he of good quality, and the handle is usually made 
of ivory or similar material. 

Spring bows. Comparatively small dimensions, and especially small circles, 
ai*e most readily drawn hy what are known as sprimj bows (Fig. 7). These 
may be obtained either separately, or in a small box in which they may be 
kept when not in use. 


useful is about 5 ff or 6" long 



Drawing board and T-square. The size, of the drawing board obviously Fi<j. c. - :r CompwwcB. 

will depend on the size of “paper to be used. A comparatively large sheet of 

paper will require a corresponding large board, and although a small drawing could be made on a large 
board it is far from convenient. Suitable, sizes are known as Imperial) 30 ;/ x 22 ,/ . and half these dimensions, 





known as Half-Imperial Though tlm former will be found useful sometimes, the latter is the more 
serviceable for the majority of purposes, and is suitable for most of the exercises given in this book. 

The drawing board should be made of well-seasoned yellow pine and be free irom knots. It should be 
provided with cross-bars or battens ^it the back to prevent the board from warping. 

T-square. The blade AB of the T-sqparc should* he equal in length to the drawing boar<t^rFhe best 
material for it is mahogany with an ebony working edge. Such T-squares are somewhat expensive, and 
those made of pear wood are frequently used. The blade of the square should he firmly attached to the 
stock, but not sunk into it. The edge of the blade in time becomes uneven owing to the friction of the 
pen and pencil, and it becomes necessary to remove the blade from time to time for the purpose of 
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rectifying the * edge by means of a plane. To ensure that, when replaced, the angle between the blade and 

the stock is unaltered, a couple of small wooden 
dowels, or pins, are usually inserted in the stock, 
as at d d (Fig. 8), and these fit tightly into holes 
in the blade. • 

Drawing pins. The drawing paper used for 
exercise work and for working drawings is usually 
fastened to the drawing board by means of four 
drawing pins, one at each corner of the paper. By 
this method the paper may alter its position, or 
the heads of the drawing pins may obstruct the 
free motion of the T-squarc and the set square^ 
To avoid the latter objection, the corners may be 
secured by the use of a small quantity of sealing 
wax. The paper on which finished drawings are 
to be made, or on which a comparatively large 
amount of labour is to be spent, is often stretched 
upon the board. This stretching may be effected 
Fiu. 8.— Droning Board and Set Square. by turning down a portion about half an inch 

wide .fill round the paper ; the surface of the 
paper is next damped with a sponge or cloth and the turned down portion 
is coated with thin glue, or gum ; next, the glued edges are pressed care- 
fully to the board, and when dry the paper presents a smooth surface. 

Set squares. Two set squares, one 60", the other 45°, of about the 
dimensions given in Fig, 8, arc required. They nmy be drained cither of 
the form shown in Fig. 0 or (ii) (Fig. 8). The latter ‘forms arc known as 
framed set squares. Both kinds arc mndt >f a variety of materials, such 
as pear wood, sycamore, vulcanite, celluloid, etc. The framed set squares 
arc easier to handle, and when made of pear wood or sycamore they are not 

liable to alter their shape as those illustrated in Eig. 9. Flfl * St i uarw, ‘ 
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French curves. What are called French curves are usually made use of to draw those curves for which 
the compasses arc not applicable. Such curves are made of various materials, sizes, and shapes. French 




curves made of pear wood or celluloid are, however, very convenient for use, and are obtainable in a variety 
of different forms. A useful form is shown in Fig. 10, but Harrison’s scale-graded curves, one of which is 
shown in Fig. LI, are the best for all purposes. 



Fia. 12.— Inside and Out* 
aide Calipers*. 
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Fm. 14. 

Calipers. To obtain the dimensions of round objects, such as cylinders, 
etc., two pairs of calipers, called inside and outside calipers, respectively, 
rtre necessary.# The former arc shown at A (Fig. 12), and are '(hfiil when 
the diajneter or width of a cylindrical cavity has to be determnKd, as at 
C in Fig. 13. The outside calipers , B, (Fig. 12), are used to determine 
a dimension such as the diameter of a sphere. When the dimension has 
been obtained, tin 1 , calipers may be applied to a rule or scale, and the magnitude of the dimension ascertained. 

Beales. An ordinary two-feet rule or steel scale is used usually with the calipers. For machine drawing. 


Fio. 13. 
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wlifit is called an open-divided scale is useful. Such a scale is generally 8 or 12 inches long, and is made of 
boxwood. The section of such a scab', may be either of the forms shown in the illustration (Fig. 14). With 
either of these forms the scale may be applied directly to the drawing, thus avoiding the use of instru- 
ments, a plan which enables the draughtsman readily and accurately to mark off a dimension on his drawing. 
The use of dividers or coin] missus on such n scale rapidly obliterates the divisions. 

An open-divided scale usually shows scales of ^ y',. inches on one side, and 

, and l inch on the other. 



Printing. The title or description of a drawing may he either written or printed. If 
the former plan is employed, a clear hold handwriting should he used. Prohahly, the hest 
results are obtained in printing when the letters are drawn freehand hy a pen or hrusli ; hut, 
in the majority of cases, stcncilluuj apjximt us is used. iStrucil plates are made of thin sheet 
copper or zinc, in which the various letters and figures are cut. Special printing ink and 
brushes are supplied with the apparatus. The setting of each letter or figure may be facilitated 
if a line is drawn on the stencil plate at* the base of each letter, or figure. 


Enlarging or reducing drawings. It is sometimes necessary to enlarge" or to reduce a 
drawing. This process may he effected in several different ways. One method is to divide 
the surface of the paper on which the drawing is made into a large number of small squares, 
and hy means of another sheet, on which the squares are- larger or smaller than those on 
the first sheet, the drawing is enlarged or reduced as required. 

Another method is to employ an instrument called a pcintoyraph , which consists of a 
series of jointed levels carrying a tracing point and a pencil or pen. Starting from any 
convenient point, the tracing point is carried round the outline of the figure until the start- 
ing point is again reached. The pencil or pen in the meantime makes an enlarged or 
reduced copy of the figure. The pantograpji is of great, use to draughtsmen in map drawing, 
etc., hut is not used much in machine 1 drawing. 


Flu. lf».— - IVojxnticmal 
CotuposHUH. 


Proportional compasses. In dealing with the enlargement or reduction of machine drawings, 
proportional compasses may lx* used in preference to either of the two previous methods. The 
instrument consists of two limbs, having at each end rounded points as in a pair of dividers. The connection 
between the limbs is made hy means of a pivot which can he placed at anv position along the slot (Fig. 15). 



1.1 


USE OF INSTRUMENTS 


The instrument is marked so that when the two points at one end are set to any given dimension, the 
distance between the points fit the other will be J, etc., of if. 

Use of instruments. It is not only of the*, utmost importance to be able to make an accurate drawing, 
but also to work rapidly and easily so as to complete a drawing in a reasonable time. To effect this, 
facility in handling drawing instruments must be acquired, and this is possible only by constant practice. 



To ensure that all instruments are maintained in an efficient condition, the following points should 
receive careful attention. * 

Use of T-square. The T-square should be placed on the board in the position shown in Fig, 16, and 
the stock, S, should be allowed only to slide along the left hand edge of the board; and it should not 
be used on the other edges. The left hand edge of the board and the stock, S, and blade, B, of the T-square 
should be tested by means of a straight edge, and if they are not straight they should be corrected by 
means of a trying-plane before being used. 
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Use of set squares. Set squares should be tested by placing them in the positions shown in Fig. 16, 
and drawing vertical lines. If, when the squares arc reversed (as indicated by the dotted lines), the edges 
of the set squares do not agree with the lines already drawn, the edges should be adjusted until the lines 
drawn in the two positions coincide. 

The angle of 45' may be tested by drawing an angle of 45°, and obtaining coincidence of the edge 
of the set square and the line already drawn when the set square is reversed. 



The 60° and 30° angles of the remaining set squat# truly he tested by drawing an angle, BAF (Fig. 17), 
equal to 60" with the set square, and n 'versing the set square to obtain an angle of 80 c> . The edge of the 
T-square may he made to coincide with AC, and if the set square is inserted in the angle CAF, its edge 
should coincide with AF. If it does not, the necessary adjustment must be made. 

A convenient method of drawing parallel and perpendicular lines is to slide one set square on the edge 
of another. Lines perpendicular to the parallel lines drawn in this manner are easily drawn by reversing 



l] ' THE CLTNOGRAPH d 

the set square (Fig. 18). These methods of drawing lines parallel and perpendicular to each other are 

of great use in practice. 

Clinograph. One of the most useful instruments for drawing inclined lines and lines parallel to them 
is Harrisons Clinograph (Fig. 19). The edge B is made to slide along the edge of the T-square, and the 



joint at J is sufficiently rigid to enable any number of parallel lines to be drawn. When the clinograph is 
reversed, a line at the same inclination to the horizon, but sloping in the opposite direction, can be drawn. 


Setting a drawing pen. A drawing pen of good material will be serviceable usually for a long time 
before it is necessary to reset it. In some cases, however, the pen, after comparatively little use, requires 
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attention. When necessary, the two nibs of the pen should be brought into contact by means of the screw 
S (Fig- 20) ; then, holding the pen in a vertical position, the nibs are made of the same length by rubbing 

the end of the pen on an oilstone. The end of the pen should 
not be flat but carefully rounded. The rounding may oe effected 
by moving the pen from side to side during the process of rubbing 
as indicated by the dotted lines in Fig. 20. The nibs are unscrewed 
afterwards and each worked up to a good edge, which should be 
rounded by slightly rocking the pen between the lingers during the 
rubbing. The inclination at which the pen is held should increase 
as the rubbing proceeds, and care must be taken not to make a 
sharp edge ; to ensure this the edge should be examined at fmjuent 
intervals. When finished, each nib should have the same appearance 
and should, when looked at end-on, show a small spot of light. 
After carefully wiping the nibs to get rid of all traces of oil the 
pen should he tried by using it to draw thick and thin lines. If 
the pen is too sharp it may be put right by making a few strokes 
Fia. 20.— Sotting a Drawing Pen. with it Oil Cartridge paper. 

The compass pen is adjusted in a similar manner. 

The inside surfaces of the nibs must not be sharpened. If a slight burr is formed during sharpening, 
it may be removed by using a small piece of smooth emery paper, or better by a thin slip of oilstone. 




Fin. 21. Fin. 22. 


Drawing to scale. The student who has used cycling or other maps is already familiar with the fact 
that the distance between two places on a map gives ho information as to the actual distance between the 
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places themselves unless the scale to which the map is drawn is specified. Thus, the distance between two 
plac.es may be known to be miles; if on the map this distance is represented by a length of tt", then 

the distance between two other towns one inch apart on the same map would be 10 miles. Such a map 

would be said to lx*, drawn to a scale of 10 miles to an inch . In a similar manner, if on a drawing a 

distance of 4 inches represents 1 foot, the scale would be 4"= 1/ or £ full size. Although scales can be 

obtained cheaply it is often necessary to be able to make one. Such a scale should be as accurate as 
possible, and be* made either on thick cartridge paper or on thin cardboard. Soules should be kept flat and 
without creases for future use. 


Example. Make a scale of 4" — l' or $ full size . 

Draw two lines about an eighth or three sixteenths of an inch apart. Measure off a length 
AB = 4" (Kig. *21) ; this length represents 1 ft. or 12 in. and may be divided into 12 equal parts, 
and these may be subdivided further into half or quarter inches. Finally, as many divisions denoting 
feet as may he necessary are marked off from leit to right, and the scale is complete. 

Dimensions. The dimensions of an object are. usually indicated by dotted lines ; the small arrow- 
heads at the end of the lines should be put in neatly and should join close up to the lines from which 
the dimensions arc taken. In Kig. 22 tin' length of the rectangle is 1 foot 2 inches, 
and this is expressed by l' 2"; the width is <>£ inches and is denoted by 6|". 

Angular measurements. Abbreviat ions arc used also to denote angular measurements. 

Thus, an angle of thirty degrees, twenty minutes, ten seconds, is written 30“ 20' 10". 

To understand clearly what such a measurement implies, the beginner may consider the 
motion of a pointer, such as a movable radius of a circle, or the minute hand of a 
clock, capable of moving about an axis or centre A (Kig. 23). If such a line, as AC, 
moves in the opposite direction to the hands of, a clock, then the amount of rotation 
of the line may he expressed by the angle DAC. This angle may lie indicated either 
by the number of degrees or radians in it. 

Measurement in degrees. Assuming the circumference of a circle to be divided into 
360 equal parts, then any two consecutive points joined to the centre will enclose an angle of one degree. 
A line AC, (Kig. 23) perpendicular to AC will he one-fourth part of 3(i0 or 90". 
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If ii point C ;t be taken, such that the arc CC^ is ^th a semicircle, then the angle CAC 3 =30‘. Again, 
if C x is the middle point of the arc CC 2 , then C x joined to A, will denote an angle of 45'. 

Radian measure. The radian measure of an angle denotes the ratio ■— The unit of measurement 

radius 

is obtained by taking an arc CD (Fig. 23) equal to the radius AC; by joining D to A, the angle DAC — 
equal to one radian ~ 57 u, 3 approximately --is obtained. 




Protractor. The angles 30°, 45°, fi0°, and 90°, may be set out by means of set squares, and multiples 
and submultiples of these, may be obtained by bisection and by the process of adding one angle to another. 
But any angle (including those referred to) can be set out at once by means of a protractor . Such an 
instrument is usually made either in the 4> »rm of a circle, a semicircle, or rectangle. The two latter arc 
shown in Fig. 24. 

Use of protractor. At the point B in the line , AC, to make an angle of 35° (Fig. 25). Place the 
mark on the protractor immediately below the division marked 90° coincident with the point B and 



PROJECTION 


the division corresponding to 35" on the line AC. Using the edge of the protractor us a ruler, draw 
the line BD. Then DBC is an tingle of 35° required. 

Conversely, to measure the magnitude of a given angle : put the mark N * 

on the protractor at the vertex of the angle and the edge of the protractor 

coincident with one of the lines forming the angle ; then the magnitude of / \ 

the angle can he read olY at the point where the remaining line crosses the • y \ 

divided edge of the protractor. / \ 

Table of chords. Ordinary protractors arc rarely trustworthy, and it / \ 

frequently happens that expensive instruments are more or less inaccurate. p^_ — 1 — 

Prolbably the most accurate method of setting out a required angle is by , , _ , 

means ox a tabic of chords. 


Example . To set out an angle of 43°. 


/juasEF* 





Fig. 27. — Metric Projection. 


On any convenient scale make PM equal to 10 units (Fig £6). 
With P as centre and PM as radius, describe an are of a circle. 
In Tabic IV. (p. 243), we find corresponding to 43' the number 0*733, 
and multiplying this by 10 we obtain 7*33. Hence, with centre M 
and radius 7 33, describe an arc intersecting the former arc in N. 
Join N to P, then MPN is an angle of 43°. 

Projection. As an easy example of /projection we ‘may consider how 
the representation of a simple box such Us that shown in Fig. 27 may be 
made. The dimensions are as follows : Length, .2 ft. G in.,; width, 1 ft. 3j[p.; 
depth, 1 ft. 6 in.; thickness, 2 in. A hole 12 in. diameter is made in 
one*' of the longer sides. These dimensions, as indicated in Fig. Illj^would 
be 2' 6", l' 3", 1' 6' 7 , respectively. [ 

As the representation of such an object may Vie made in several 
different ways it may be desirable to ascertain briefly the relative advantages 
and disadvantages of these methods of representation. 

A photograph of the box would show the relative length, width, 
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depth, and thickness, in one view, the disadvantage being that it would be impossible to apply a scale 

to. the photograph to ascertain the actual 



dimension of any part. 

The assumption is made that the box 
is so constructed that a photograph of it is 
obtainable. When this is not the case the 
photographic method obviously is inapplicable. 

Perspective projection. A representation 
of the box might be made in perspective 
projection. Such a projection would, as in 
the preceding ease, indicate the relative 
dimensions of length, width, and depth, and 
would correspond in many respects to the 
photograph. The objections as to measure- 
ment apply also to this method. 



Fig. ‘ 28.— Metric Projection of a Cross- head. 


Another method in which the three 
dimensions may not only he shown in one 
view hut in addition may be measured by 
means of a scale is known as metric projection. 

Metric projection. For the purpose of 
representing the box in metric projection 
three axes Ox, Oy, and O z, as in Fig. 27, 
arc drawn. All dimensions along Oy and O z 
arc made full size. The same scale could be 
<> used for dimensions in the direction Ox, but 
it < will be found that such a method produces 
a distorted figure, and it is much better to 
reduce the dimensions in the direction of Ox. 
A useful and easily made scale drawing is 
obtained by setting oft* all dimensions in the 
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direction of Oy or Oz to true size and the dimensions in the direction Ox to half size. Thus, in Fig. 27, 
AB and BC are made 2' G" and 1' G" respectively, but BE is made £ x 1' 3" or 7\" to the same scale. 
Fig. 28 shows a small crosshead drawn half size in metric projection. 

Orthographic projection. The usual method adopted by engineers and others to represent solid objects, 
such as occur in machines and machine details, is called 
orthographic projection . Unless the object, is ol the simplest 

form, two or more, views properly projected from each other 
are required. Various names are given to these views, su<h 
as e/crat cot , plan, section , sectional plan , end view , and 
sectional deration. Using as a model an empty rectangular 
box (such as a cigar box without a lid), it will be an easy 
matter to verify the projections shown in Fig. 21). Those 
projections should be drawn carefully to scale as follows : 

Commence by drawing an indefinite lino and marking 
off to scale the 1 , two points a and b (Fig. 2D) equal to 2' f>". 

Draw vertical lines at a and b, making be equal to l' 6", 
and d.aw cd parallel to ab. Obtain O, the centre of the 

face abed. With O as centre and radius G", describe a 

circle. Then the elevation of the box is completed by 
drawing dotted lines parallel to ab. be, and ad, and at a 
distance of 2" from them. These lines represent the thick- 
ness of the box. By the set square project the edges be 

and ad. Draw a line ef and make eh»]/ 3 f/ ; also draw 

hg parallel to ef. Murk off from ef and eh equal distances of 2", and draw the inner rectangle; then 
the two rectangles shown represent ^he plan of the box. 

The end view is projected from the elevatioh and the width obtained from the plan. 

Sections and sectioning. Jn the drawings of machines and machine details, the elevation, plan, and end 
view, are not always sufficient to show dearly the whole arrangement, particularly the internal arrangement. 
Dotted lines may be used for the purpose, but these are in many cases difficult to follow. The objects 
arc assumed, consequently, to be cut by section planes in such a manner that the arrangement of the 
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various parts can be clearly seen. If sections of tbe box along lines such as AB and CD be assumed, 
then views corresponding to sectional elevations are obtained, as in Fig. 29. The parts cut by a plane 
of section are indicated by otic of the following methods. The first plan is to draw diagonal lines at or 
about 45°, either freehand or more accurately with the 45° set square. Such section lines, however, can 
be put in much more rapidly with a brush, using a suitable colour for the purpose. 

A flat wash of colour applied to those parts which are in section may also be used for the same purpose. 

In each of the colour methods there is the distinct advantage that the materials of which the parts 

arc made can be seen at once from the drawing. 

The colours used by engineers and indicated in the following table may be obtained either in the 

form of dry or moist colours. Dry colours are obtainable in cakes or half-cakes and are rubbed down 

with a small quantity of water in a suitable dish or saucer. Moist colours are obtainable in porcelain 
pans or in soft metal tubes and only require tbe addition of water to render them fit for use. The 
conventional colours used by engineers for machine drawings ‘are given in the following table : 


' 

MATERIAL. 

1 

COLOUR. 

tuist iron, 

Payne’s grey or neutral tint. 

Wrought iron, 

Prussian bine. 

Stool, 

Purple (may be obtained by mixing prussian blue and crimson lake). 

Brans, 

(iamboge or Indian bake. 

Brickwork, 

(Vim son Imke. 

Wood, 

Burnt Sienna. 

Stono, 

Bistre. 

Earth , 

Sepia. 


Conventional arrangements. Bolts, nuts, screws, rivets, and pins, which occur along a plane of section, 
are not usually shown in section except when they are cut by a section plane in a direction at right angle* 
to their length, i.e. in a transverse direction. 

Sectioning. When it is inconvenient or impossible to denote the materials used in the construction of a 
machine detail by suitable colours, the materials may be indicated by suitable alterations in the sectioning 
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adopted. A list of the materials in common use, together with the form of sectioning which may be used 
to designate them, is given in Fig. 30. In the majority of cases, however, the nature, of the material can 
be easily inferred from the drawing, or, if not, a description may be written on it. 

Saucers and brushes. The difficulty with regard to sectioning is removed by the use of suitable colours 
to designate the various materials. A list of colours is given on p. JO. Porcelain dishes or saucers, supplied 
in the form of a “nest” consisting of four or more dishes fitting one above the other (Fig. 31), are usually 
used to hold the colours. 

The, brushes may be cither of camel hair or sable. Sable, although more expensive, is much to be 
preferred to camel hair. When filled with colour the brush should terminate in a line point. (Fig. 32.) 

Inking in. A good black ink is obtained by rubbing a stick of Chinese or Indian ink in a little water. 
The colour may be tested from time, to time as the rubbing proceeds by dipping a brush in the ink and 
smearing it on a piece of white paper. There are many kinds of jhtid (Chinese and Indian) inks to be 



Flu. 30. ---Conventional Suctioning. 


obtained, but in many eases the lines made *by these arc, when dry, of a dark brown colour instead of being 
black. But by the, process of rubbing a deep black ink may be obtained, the lines made by which are, when 
dry, of a glossy appearance. 

As a rule it will be found to be easier to draw straight lines touching curves than to perform the 
converse operation ; hence, when inking in, it is advisable to commence by inserting all the circles and arcs 
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of circles in the drawing. When this has been done the horizontal lines may he inserted by using the 
T-square, and the remaining lines by means of the sot squares. The drawing is now complete, with the 
possible exception of perhaps a little cleaning by means of a soft piece of india-rubber.. 


nccessar 
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Sections of bars. In the drawings of machines and machine details it often happens that it is only 
isary to show a portion of the length of a bar, and thus “ breaks ” occur. These, breaks may be used 

J 1 itrifU lililn fivniKlw uu n rrmji.nu nT TtifllP.n.T,imr Mr. fl 



glance the form of the cross-section. The method 
applied to some of the standard forms kept in 
stock by iron merchants is shown in Fig. 33. 
Thus, at (a), the section indicates a round bar ; 
at (b), a hollow round bar ; at (c), a square bar ; 
at (d), a rectangular or flat bar; at (e),an I-see- 
tion ; at (f), an angle ; and at (g), one of the 
useful conventional methods of indicating the 
break in a piece of timber. 

Standard forms. In Fig. 34 are shown some 
cross-sections of tlic forms of bars usually kept 
in stock by iron merchants and others. 


Working drawings. A working drawing 
usually need not be inked in and coloured. A 
common method is to make a clear and accurate 
drawing in pencil, and from this to make a 
tracing in ink. The tracing can then be used 
to obtain as many copies as are required in the 
form of prints. Such prints are either what are called * blue-prints , %.e.< white lines on a blue ground ; or 
black and white, i.e. black or dark brown on « white ground. ' . , 

The printing frame necessary to obtain such prints simply consists of a frame m which the tracing can be 
placed close to n transparent sheet of glass. Behind the tracing is placed a sheet of prepared paper, and behind 
this a strip of felt or cloth to prevent light from entering except at the front. After exposure to the light 
the prepared paper is taken out aud washed in water, and when dry is fit for use. In blue prints any sections 
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that occur may be indicated by diagonal section lines. The same process may also be adopted in the “black 
and white.” Or, the outline only need be shown, the colours indicating any sections being put on the print. 



Flu. 34. — Croaa-acjtiuua of Standard Forms of Bars. 



Flo. 3T>. 


20 


MACHINE CONSTRUCTION 


[CHA?. 


Tracings. In making a tracing, what is called tracing paper or tracing cloth is used. The paper or 
cloth is placed over the drawing and fastened to the drawing hoard by means of drawing pins. As the 
lines show clearly through the transparent paper, a copy can he made in ink. Care must he taken that 
the lines are not too thin, and also that they are throughout uniform, in thickness. Any of the exercises 
in the following chapters may he used for this purpose. 

Example. Make a t vanity of the diagram sliovni in Fig. 35. 
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Fin. 36. 


Hand sketching. It is of the utmost importance tef a student to he able to make hand sketches of 
machine details. The various parts should he inserted in * fairly good proportion, and, in addition, 
important dimensions should he indicated. For the purpose of such sketches, paper ruled into £-ineh 
squares is very suitable ; the lines forming the squares are usually of a faint grey colour and do not 
interfere with the lines of the sketch. Sketches may be made readily to full, half, or quarter size. 
Figs. 3(> and 37 show two sketches ; the former is full size and the latter is £-full size. 
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Simple geometrical constructions. The following simple hut important geometrical constructions should 
bo noted carefully : 

To bisect, a Hoe AB by a line perpendicular to it. Let AB he the given line. With A and B as 
centres, and any convenient radius, describe arcs intersecting at C and D (Fig. 38). The line CD, joining 
the points of intersection, is perpendicular to and bisects AB. 



'To bisect a given angle. Let EBF (Fig. 39) be the given angle. With B as centre, and any convenient 
length, mark off equal distances BA and BC. With centres A and C, and any convenient radius, describe 
arcs intersecting in a point D. Join D to B. Then DB is the required bisector. 

1 To describe a circle passing through three give?* points. Let A, B, and C be the three given points. 
With A and B, and B and C, as centres, describe intersecting arc# (Fig. 40). Join the points of intersection, 
and produce the lines to intersect- at a point O. Then O is the centre required. 

2 \ ) find the centre of a circle or circular arc. This exercise is only a repetition of the preceding one, 
Take three points in the circle or circular arc, and, as in the preceding case, describe intersecting arcs 
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Join the points of intersection, and produce until they intersect at a point. This point of intersection is the 
centre required. 

To describe a circle, of given radius touching a given straight line and a given circle. Let AB be 
the given line and C the given circle (Fig. 41). As a simple example we may assume the radius of the 
giv..u circle to be 1". It is obvious that as the circle has to touch the line AB, its centre will lie at 
some point on a line EF parallel to AB and l" from it. Similarly, the centre will lie in an arc of a 




circle of centre C and at a distance of 1" from the circumference. The intersection of the arc with the 
line EF is the centre required. 

The three angles of a triangle are together equal to two right angles. This important geometrical ^aroposition 

may be verified by several methods. An expcrimhntal. verification is as follows : ^ 

Draw any triangle. ABC (Fig. 4‘J). • Denote the three angles by A, B, and C; add the angle C 
to the angle A, then an angle such as CAE is obtained; finally, add the angle B. Jhe result is the angle 
CAF, i.e. the line CA produced. 

Regular polygon. When the sides or edges of a polygon are equal in length, and all the angles are 
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equal, the figure is culled a regular polygon. The following table gives the number of sides in the more 
important regular polygons. The table should be committed to memory: 

3 sides, - equilateral triangle. j 7 sides, - heptagon. 


square. 

pentagon. 

hexagon. 


/ 

8 

9 

10 


octagon, 
non agon, 
decagon. 


To construct a regular polygon, given the length of one of its sides . 

Equilateral triangle. Let AB denote the length of the given side (Fig. 43). Then an equilateral triangle 
may be obtained by using the (J0° set square. Or, with A as cent Hi, and radius AB, describe an arc; similarly, 

with B as centre and the same radius, describe another arc., intersecting the 
q p former in C; join C to A and B; then BAC is an equilateral triangle. 

Square. A square may be constructed by making AD perpendicular to 
and equal to AB, and drawing lines parallel to AD and AB respectively. 

Hexagon. Draw the line AH with the 00° set square and make 
AH = AB ; reverse the. set. square and draw HG, making HG = AH. 
This procedure forms one half of the hexagon. The polygon is com- 
pleted by using the T and* the set square. 



Octagon. 

set square. 


An octagon may be constructed similarly by using the 45° 


If all the angular points, ABE..., of a regular polygon be joined 
to the centre C (Fig* *13), the mimber of triangles formed is obviously 
equal the number of sides in the figure. Since the sum of all the 
angles formed at the centre is 4 right angles, or 360°, it follows that 
to obtain the. magnitude of the angle in a regular polygon we may use the following rule : From twice 
the number of sides in the figure , subtract four , multiply the remainder by 90 3 , and finally divide by the 
number of sides in the figure. 
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Example. Find the angle between any two sides in a regular (a) hexagon, (b) pentagon. 
(a) Here double the number of sides is 12. 


Also 

( 6 ) 


(12 — 4)00 _ 


1 20 ”. 


0 


Another method which depends only on construction is as follows: 

With A as centre and radius AB describe a semicircle; divide the semicircle into the same number of 
equal parts as the number of sides in the figure, and number these 1, 12, 3,...; join A to division 2. 
Then BA and AE are two sides of the required figure (Fig. 44). 



Fig. 44. — Construction of a Uegulur Pentagon. 



Example. Construct a regular pentagon , length of side 1 \ n . 

Make AB (Fig. 44) equal to 1A'' and with A as centre and AB as radius describe a semicircle. 
Divide the semicircle into five equal parts. Join A to 2 ; then EA, AB, are two sides of the required 



tu\j 


pentagon. .loin. A to 3 and to 4 and produces the lilies; the polygon is completed by making EF, FG 
equal to AB. 

Ellipse. If O is the centre of an ellipse (Fig. 45), the lines AA\ BB' at right angles to each other 
and passing through O are the axes of the ellipse. The longer axis AA' is called tins major axis, and 

the shorter BB' the minor axis. . „ , 

To obtain points on the curve we may use a straight strip of paper in the following way. On tne 
strip mark oil lengths YP equal to OA', and XP equal to OB. 11 the points X and Y be made to move 

,.-!f 



jj'iu. do. Fm. 47.— Construction of a Tarabola. 


along the lines AA' and BB', and the successive positions of P arc marked, a series of points on the curve 
are obtained. The curve may be put in neatly by freehand ; or, if neces-arv, the points may be transferred 
to a piece of celluloid, thin wood, or zinc, and a template may be made by cutting out the figure as carefully 
as possible, finishing the edge by a smooth file or a piece of glass paper. In making such a template only 

one quarter or one half the curve is necessary. „ ' . , ^ a 

An ellipse, or some approximation to it . is ... .tally the form adopted for small glands, stuffing boxes, the flanges 
of pipes and other cases where two bolts arc used. An approximation is as follows : Join A to B, set off 
OF OA', and BE — BF (Fig. 40). The line HC', bisecting A'E at right angles, determines the two centres, C and 
C' ; C being the centre for the circular arc forming one end of the ellipse, while C' is the centre for the upper 
part of the curve. 
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Parabola. A simple method of drawing a portion of a parabola — a modification of which may be used 
to draw an ellipse — is to obtain a series of points on the curve by using either a rectangle or a parallelogram. 

Thus, to inscribe a parabola in the rectangle ABCD (Fig. 47) we may proceed as follows. Bisect 

the base BC at E ; divide BE and BA each into the same number of equal parts; through the points 
1, - , . . . 5 d raw lines parallel to BA; join the points 1, 2, 3, 4, 5, on AB, to E; the points of intersection 
of these lines witli the lines already drawn give a, scries of points on the curve required. 

The portion of the curve to tin 1 right of the point E is obtained in a similar manner. The curve 

may be drawn either freehand or by means of a French curve. 


EXERCISES I. 

1. Draw scales of (a) to 1 and (h) 1J" to 1', each to be long enough to measure 3 ft.; (a) is to 
read 1o tenths of an inch, and (b) to eighths of an inch. 

2 . Set out an angle of 43° 20'. Bisect the angle and draw two circles touching each other and both 
sides of the angle. The diameter of the smaller circle is to be l". 

3. The base of a triangle is 3 58" long, and the angles adjacent to it are 43° and 03° 40' respectively. 
Draw the triangle and measure the two sides and remaining angle. State the magnitude of each of the 
augies in radians. Draw a circle passing though the angular points of the triangle.'” 

4. Construct a regular heptagon of side 2". 

5. Draw an ellipse .with axes 4" and 2" respectively. 

6. Inscribe a parabola in a rectangle of sides 3" and l" respectively. ^ 

7. Draw a line 7" long and divide it into nine equal parts. Construct a triangle with sides equarro 2, 3, 

and 4 of these parts. Measure the angles *of the triangle and find their sum. Draw a circle to touch the 
three sides of the triangle. 

8. Sketch, full size, the following cross-sections : (i) angle iron 2" x 3" x g", (ii) channel iron 6'' >; 3" x g" 

(iii) tee iron 3"x3"xg", (iv) double tee or rolled steel joist, flanges web O’G", depth 12". 
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Joints. The joint between two plates or between the parts of a maehine may be made by welding or a 
similar process, by rivets, or by bolts. The process of riveting furnishes a rigid fastening which is usually 

cheaper and simple] 1 than that obtained by using bolts. Steam and water joints 
in boilers, in cylinders, in cisterns, etc., may be made in this manner. A 
riveted joint when once made can only be disconnected by cutting oil* tin; heads 
of he rivets, thus destroying the fastening. Those joints which require to be 
disconnected at intervals for renewals or repairs are made usually by bolts. 

Rivets. A rivet is a. round bar of iron, steel, or other metal, one end usually 
being enlarged to form wlmt is called the head of the rivet (Kig. 48). The 
II t . smaller portion is called the. shank, or diameter, of the rivet. The opposite end 

HEAD || J* ,# ^ ete U . to the head is (tailed the point of the rivet. 

Riveting. The two general methods of riveting are known as (a) hand , (b) 
machine riveting. In hand riveting the point of the rivet is made red hot in a 
clear charcoal fire or oil furnace ; the rivet is then placed in suitable holes in the 
plates to be joined, with a sufficient, length of metal projecting to form the remaining head. The head of the 
rivet is held in place by means of a heavy weight, wjiilst/ the second head is formed by two riveters. This 
second head may be made conical. The rivets are more easily worked in a red hot state than when cold, the 
contraction due to cooling tends, moreover, to draw the plates closer together, and thus to make a better 
joint than would otherwise be the case. 

In machine riveting the head of the rivet is held 'firmly in one jaw of a hydraulic or pneumatic machine’ 
whilst the other forms the remaining head. In this process great pressure is available; the total pressure is 


— 


Head 

♦ 

Shank diameter 




.... « 
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usually about 80 tons on each rivet of 1 in. diameter, and about GO tons on each l in. rivet. In 


boilers, all rivets, wherever possible, are closed in 
this manner by hydraulic machinery, hand riveting 
only being allowed where it is impossible to apply 
mai bin cry. 

Lap joint. In the lap joint the two plates 
overlap each other and arc 1 , secured by one or more 
rows of rivets. 

Butt joint. The name butt joint is given to the 
joint in which the two plates meet or butt against 
each other, and the joint is made by using one or two 
cover plates or butt strajis. 

Pitch. The pitch of the* rivets is the. distance 
from the centre of one rivet to the centre of the 
next. This distance will be denoted in this hook by 
the letter p. 

In a single riveted lap joint then 1 is one row or 
line of rows, and two rows in a double riveted joint 
(Fig. 49). 

Margin. The term margin is applied to the 
distance from the edge of the rivet hole to the edge 
of the plate. The minimum distance is the diameter 
of the rivet. The margin is usually .a little greater 
than this, and the distance from the centre of the 
rivet to the edge of the plate is eonsccfuently a 
little greater than one and a half times the diameter 
of the rivet. 

i 



Forms of rivet heads. Some forms of rivet 


Fhj. 49 — Single and Double Riveted Lap Joints. 
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heads are shown in Fig. 50, and are known as (I) a map head ; (II) a conical and pan head ; (HI) a 
countersunk h ca< l . 


Snap head. This is the form of rivet head in general 


i 



use. The proportions adopted are those shown in 
Fig 50, the unit being d, the diameter of the 
rivet. Thus, the spread } or diameter, of the 
rivet head is 17d and the thickness from 0‘6d 
to 07d. The thickness is usually slightly 
greater in boiler than in girder work. 

Conical head. A form of rivet head occa- 
sionally used in hand riveting is the conical 
head shown at (II) (Fig. 50). The spread, or 
diameter, of the head is twice the diameter of 
the rivet and the height of the head f times the 
diameter. 

Countersunk head. This form of head weakens 


Fig. so. the plate through which it passes and is not so 

trustworthy as either of the forms I and II ; it is 
only used when the surface of the plate must be free from projections. The proportions adopted are 
indicated at III, Fig. 50. 


Drawing a rivet head. From the proportions of the rivet head (Fig. 50) it would be possible in 
any given case to calculate its dimensions. It is, however, much better to obtain these proportions by 
a graphic method as follows : At one extremity of the diameter AB, draw a line AF at 60° to AB 
(Fig. 51). With B as centre, draw an arc of a circle touching the line AF at E and intersecting the 
centre line at D. * 

Mark off CD = BE, then the head is drawn by using the centre C and radius BE. 

Diameter of rivet. A rough rule sometimes employed is to make the diameter of the rivets equal to 
twice the thickness of the plates when the plates are less than £ inch in thickness, and equal to one and a 
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half times the thickness of the plate, when the thickness of the plate is \ inch and upwards, 
empirical rule is given by the equation 

d = I '2 A 

where d is the diameter of the rivet, and t the thickness of the plate. 

Example . Find the diameter of the rivets 
suitable for plates thick. 

d- l-2^o = 0-9". 

The rough rule mentioned above would give 
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2 x 


T » 6 = 0-8439". 



Fig. 61. 


As values of t arc usually fractional, frequently 
i, little, manipulation will simplify the. calculation. Thus, if t is the numerical 
value of d can he found by extracting the square roots of 3 and 8 and 
dividing one by the other. Instead of performing this somewhat long and 
laborious operation, we may multiply numerator and denominator by 8, when 
the numerator becomes 24, and it is - only necessary to divide, the square root 
ot 24 by 8. The work is carried out readily in this ami all other cases by 
four-figure logarithms or by the slide rule. 

Single riveted lap joint. This form of joint is shown in Fig. 49. As any 
length of the joint will be simply the aggregate of all the small strips into 
which the joint may be assumed to be divided, it is only necessary, as in 
Fig. 52, to draw a strip equal in length to twice the pitch. 

In forking drawings, the rivet heads arc shown usually in th ^sectional 
elevation *(Fig. 52) ; but, jn the ease of the plan, instead of drawi^eircles 
representing tho heads of the rivets, it is usual to draw circles equal in diameter 
to the rivets and to section as shown. 

In girder work, and in other cases where a comparatively large number 
of rivets°oecur, one or two rivets only are shown, the centres of the remainder 
being indicated simply by small crosses. 



32 


MACHINE CONSTRUCTION 


[chap 


Caulking and fullering. The edges of (lie plates forming the joints of a boiler, etc., arc subjected tc 

the processes of caull'iny ami fnl/erin(/ to ensure that tlie two plates are in contact along the whole length 

of the, joint, ('sulking is indicated at (I) (Fig. 50), and consists in burring down a narrow strip of metal 
dose to the edge of the plate. Fullering is the better method, and is carried out by using a blunt-nosed 

tool, the thickness of which is equal to that of the plates. It resembles in many 
respects the caulking tool already described. 

The edges of the plates are planed usually to an angle of about 75° t( 

facilitate the process of fullering, and the edges are forced up by the fullering tool 

until the angle is about 85°, as in Fig. 53. In this manner the two plates art 
brought into close contact in any slack places which might otherwise occur, thm 
ensuring a tight joint. 

In the design of a riveted joint, when the thickness of the plates is known 
the diameter of the rivet may be obtained from d = l*2 N /t; then, from given ot 
assumed values of f. or f t , the numerical value of the pitch can he. calculated. A 

rough rule, for a single riveted lap-joint is to add 1 J," to the diameter of the rivet 
a fact which is expressed by the relation p = d+ 1 * 

Draw the projections of a single riveted lap joint; thickness of plates, -j}" ; diametei 
of rivets, if". Scale full size. 

Commence, bv drawing a horizontal line and two linos parallel to and from it. Draw a vertica. 
centre line and mark off on each side of it the radius of the rivet. Complete the projection of the 
rivet by drawing the heads of the rivet. Mark off, on each side of the rivet, a distance of -f" tc 
represent the margin, and complete the sectional elevation by drawing the section lines. The 
plan projected from the elevation can now be drawn. The elevation represents a section on a lint 
CD (Fig. 52). The pitch is given by p = if"*f Ij*" v 1 J". 

* * 

Double riveted lap joint. A double riveted lap joint will he best understood by repeating, as follows 
the steps necessary to draw full size a sectional elevation and plan of a double riveted lap joint. Use 
plates and rivets. 

Commence by drawing a horizontal line, and two lines at jj" from it. Draw the first rivet A' (Fig. 54) 
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making tlie distance from the centre of the rivet to the edge of the plate lid, where d denotes the 
diameter of the rivet. 

To obtain the plan, commence by drawing a circle C of f" diameter. 

Measure off a distance e<|ual to the pitch* p = d -I- 2^", and draw the circle 
representing the second rivet. To obtain the centre line of the second 

i) n i j 

row of rivets, the diagonal pitch p 1 is made equal to ~- p - # -- ; or roughly, 

draw a vertical line parallel to the former and at a distance 2d from it. 

When the circles demoting the second row of rivets have been inserted, 
the elevation can be obtained by projection. As any section plane, such 
at that indicated by the line AB (Fig. 54), does not pass through these 
rivets, they are indicated in elevation hy dotted lines. 

The pilch p is obtained by substituting the values in 

p = d + 2 j-f' + 2 ]"-,r. 

The diagonal pitch is obtained from 


Pi = 


Ip + d f>£ 


Hence, with a radius 2{" and 
describe arcs of circles intersecting 


_ oi" 

3 * 

with 
at a 


centres C 
point D. 


and F 
D is 


(Fijr. 54), 
the centre 


denotes the plan of 



required, and a circle with centre D and radius 
the rivet. \ 

The elevation of the rivet is determined by projection. The elevation 
and plan of tbt riveted joint are completed as shown. 

# The horizontal width w between the two centres Ms 1 *08", though 
the rough rule w = 2d would give 1*5". 

Butt joint.f In a butt joint the connection between the two plates may be made either by a single^ 
plate (or butt | \rap as it is frequently termed), or by means of two butt straps, one al>ove and the otl*e& 
l c.m.c 
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below, my piaiLn uy ijv joined. Tlie former arrangement is shown at A (Fig. 55) and the latter at B. 
The latter* is 'flu- better arrangement of the two. 

When a single cover plate is used, the thickness of the plate is made about lj, times the thickness 

of one of • tins* plates. When two plates arc employed the thickness of each may be {j the plate 

thickness. ■ - ‘ , 

Example. In a butt riveted joint (Fig. 55) the plates arc %" thick and the. rivets J" diameter. 
Draw a sectional elevation and plan of the joint, (a) using a single cover plate, (b) using a double 
cover plate. Scale full size. 

Combined lap and butt joint. A joint, sometimes used in locomotive boilers is shown in Fig. 56. It 
is known as a combined lap and butt joint. In this case, there an* three rows of rivets, tin; pitch of the 

rivets in the outer rows being twice that in the, middle row. The peculiar form of the cover plate 

makes the joint a somewhat expensive one to .produce. 

Example. Draw ,vo views of a combined la]) and butt riveted joint (Fig. 56) ; plates §" thick, 
rivets ]«" diameter, pitch of the outer rows of rivets 4", and of the inner rows 2". Scale full size. 

Resistance of a riveted joint to fracture. In considering the strength of a single riveted lap joint, 
such as the joint in a boiler shell subjected to tensile force, it is only necessary to consider a strip of 
plate of width equal to the pitch. The consideration of the whole length of the joint, would simply mean 
that of the aggregate* of idl such strips. Such a strip might fracture in any of the four ways indicated 
at (i), (ii), (iii)j and (iv) (Fig. 57). 

Let p denote, the pitch, t tin; thickness of the plates, and d the diameter of the rivets. 

(i) The joint might fracture by the tearing across, of the plates at the weakest part, as at e, m, 
(Fig. 57). 

Area of section at em = (p-d)t. 

If f t denotes the tensile strength of the plates, 

.•. resistance of strip = (p — djtf*.. (1) 
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M.da. .f fractal. .r . »rngl. rivaled lap J«*. ^ ““ ^ 

1 ... W 
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l “‘ vo (p-dJtf.-Jl'V (3) 

— ip /.»\ W ] 10T1 + is known and therefore d, ike 

,v valve 7'p .in la. 
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Tearing 


Ck>a — 

Shearing Cross-breaking Crushing 

Fio. 57. 


(p - d)t = ^d 2 . 


' ?IU ^ , • nn j.u:„u Find the diameter aail the 

Eram,,l, Ip . ** ^ 1-P J*» *« ^ “ * **" 
pitch of the rivets. Assuming f. - ft, ^ = ^ ^ 

loir d = log 1 -2 + 4 (log 3 - log 8) = log 1 '8662 ; 

.•°d = 07348" 

The rough rule d- 2t would give d- 075". . 

f n — d 1 f*t = . d 2 f. ; 


D — - -j- d — 0‘30ir + 1 '2«/t 

P 4t 
-.= 1 -8658" 
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The rough rule p = d + lj" would give 

Two other modes of fracture tire shown at (iii) and (iv) (Fig. 57). The third form of fracture is due 
to the breaking of the plate in front of the rivet, and may be provided for by allowing an increase in the 
mat gin of the plate. 

The fracture shown at (iv) is due to the crushing of the plate and the rivet. In practice, the two 

first-named methods of fracture are of the utmost importance in the design of a riveted joint. 

Efficiency of joint. The ratio of the strength of the joint to the strength of the solid plate is (jailed 

the efficiency of the joint. (p-d)tf t 7r d% 

E= ~ptf t ’ ° r 4 ptf t ’ 

where E denotes the efficiency. 


Example. (liven p=lj", t=j{", d = J", find E. 

E = = :"t = o-G or GO %. 

p i h 

In the ease of a double riveted lap joint the shearing resistance is doubled, and we obtain 

(p-d)tf t «2 x^d'% 


Example . 
of the rivets. 


Tn a double riveted lap joint the plates are §" thick. 
Assume = 

d =■- 1*2/^07348", 
(p-d)tf t = ^d-f.; 


Find the diameter and pitch 


or 


p - d 
P 


The rough rule p = d + 2}" gives p = 3". 


7rd“ 

_ nr X d 2 
- 2t~ 

= 0-72tt+ 1 -^s/f = 2 , 996". 


+ d 
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Design for a joint. A common practical method of designing a joint for a boiler is as follows : 

Let P denote the pressure of the steam in lbs. per s<]. in. ; D the diameter of the boiler, and t tlie thickness 
of the shell plates in inches. Assuming a working stress of about 5 tons per sq. in. (denoted by f t ), the thick- 
ness of the plate t may be calculated from t = where E denotes the efficiency of the joint, E is 


usually taken to be from GO to HO per cent. 

Having obtained the thickness of the plate, the diameter of the rivet is obtained from d=T2\/t, where 

d denotes the diameter of the rivet. The pitch p is obtained from E = . The number of rows of rivets 

P 


7T f 23 

is obtained from f t (p~d)t t =nx-d z f r usually ^ - 2 f- 

It is not necessary to consider the crushing of the rivet, provided that the pitch is not less than three 
times the diameter of the rivet '>r single row rivets, nor less than five times the diameter of tlie rivet for 
double rows, or seven times the diameter of the rivet for triple rows, since f c may be taken safely to be 2f t . 


Riveting in bridge and girder work. In bridge and girder work, instead of employing the usual 
empirical rule d=r2 N /t, the diameter of the rivet is fixed by considerations of the shearing strength 
required. The thickness of plate is made so that the bearing stress on the metal at the hole does not exceed 
from 8 to 10 tons per sq. in. 

For bridge work, the diameter of the rivet is seldom made less than for the main structure, such as 
main angles, flanges, attachment of diagonal bracings to booms, etc;. 

In the case of work which does not carry the rolling load, such as floor plates, etc., the diameter may 
be f" or 

The diameter d is not changed by amounts less than Common values of d are f", 1", and 

occasionally 1J-" and l£". The rivet holes ^ drilled usually about j\»" larger than the rivet to allow for 
the free entry of the hot rivet, and also for any slight deviation of the alignment of the holes. Thus, 
assigning the riveting to be carefully carried out, a rivet J" diameter would be when finished. 

Flat bars, angle irons, etc. In the ease of flat bars, etc., the relation of the diameter of the rivet to 
4ibe width of the bar is given by w=-4d, where w denotes the width of the plate and d the diameter of the 
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In angle irons, the distance S x (Fig. 58) is not less than I j" for -J" rivets, and the distance S 2 is not 
less than d. 

As already indicated, the size of the rivet is calculated from considerations of the bearing and shearing 





areas. In shear, the net area of the rivet in the plane of shear is made equal to times the plate H|^^Thus, 
for a single riveted lap joint, we obtain ^ 


(p-d)t = f I d 2 . 


lates at right angles. Tlie joint between two plates at right angles to each other may be made by 
g one of the plates, or by using an angle iron. The two methods (Fig. 59) are commonly used j| 
mt and the back end respectively of a boiler. The joint obtained by bending is called a flanged 
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. . . , m n „ ah ? y OJ , joint. In the former, n l0 radius of the curve to which 

£& tzrrti : s~ ^ ^ &mM , Mcre , aro 

nn» Jointi. Xangc of tomp'^turo, .ud, *>» tb “ ouds 

liable to comparatively great alteiatious in i%wi, 



F,, ‘- 4 • , . form of joint whu .,h will admit 

of the Hues are fixed in the ends of the boiler it is [, m a !Tl» used for such a purpose (iWgB. 60 61), 

an alteration of length to take place. Of the eoiisiHevod to be the' best joint. Reference U) ^g. * ' ^ 

llie Adamson Rina, or l' lunged >va»<, is •• rally c ■ . inserted between them. The idangng ‘ 

-^i c t t0 tte 

•; Example. Draw the Hanged scam (lig. 60). Sui e u 
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Example. Hi voted joint. Angle irons 3" x 3" x -jj". Rivets §■" diameter. 2" pitch. I > latcs 

thick. Draw to scale i size (Fig. Gl). 

Example . Tee-iron joint. T-iron G"x3j;"x£". Plates thick. Rivets -J" diameter and 

3" pitch. Draw half size (Fig. 02). 



Examples of boiler joints, (i) Draw the two views of a double riveted butt joint at the junction 
of a ring and longitudinal joint (Fig. 03). Shell plates jV'. Butt straps Rivets Scale 

full size. Find the efficiency of the joint and also the safe working pressure, the diameter of the 
boiler being 8' 4". f t =5 tons per sq. in.; 


[Ans. 71 per com., 89 lb. per sq. in.] 
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Rivet^Vi'^T thc tw0 shown (Fig. 04). Shell plates l 3 y'. Butt straps, outside }*", inside 

h, def i« 1 ir' < i 1 ^ m °i ei f S M l i ti li sl f- * a . ld thc c,il(, " ,nc y of the joint. If the diameter of the 
boiler is 16 4 , what will be the safe working pressure? f t = 7"2 tons per sq. in. 

[Aus. 77 '3 per cent. 155 lb. per sq. in.] 




« 



[Ans. GG‘7 per cent., G tons per sq. in.] 

Gusset stays. The flat ends of a boiler are strengthened or stayed by means of bar stays (Fie 85! 
and by gusset stays (hg. GG). These stays connect thc shell plates to the flat end. ® ' 

Example. Draw and complete the two views of the gusset stay (Fig. 66). Seale half size. [B.E,J • 
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EXERCISES. II. 

1. Sketch a rivet, showing tin; form and proportions of the. rivet head. 

2. Show by sketches the method of joining the plates of a cylindrical boiler at a place where a 
longitudinal joint meets a ring joint. Explain why the longitudinal joints are usually of a different 
construction from that of the transverse or ring joints. 

‘k Show by sketches a single riveted, and a double riveted lap joint, also a butt joint suitable 
for plates thick. What in each ease*, is (i) the least width of overlap, and (ii) the least distance of the 
rivet holes from each other and from the edge of the plate ? 

4. Draw a section and plan of a double riveted butt joint with J" plates, 1 J." rivets, double cover straps 
thick, pitch A", Seale half size. 

5. (Jive dimensioned sketches of a double riveted lap joint suitable for boiler plates. Mark on 

the sketch the width of overlap and margin, assuming f s = f t . 

(J. Sketch with dimensions double riveted butt joint with two butt straps suitable for the longitudinal 
joint in a steel boiler with -jj" plates. Explain how one of the rivets is put in place and riveted. 

7. Draw two views of a double riveted lap joint, first, when the rivets arc arranged in zig-zag form 

(Pig. 55) ; and secondly, when they are placed in chain, i.e. when all the centre lines are parallel to each 

other. Point out the advantage due to the former arrangement. 

8. Show by a sketch a flanged seam used for a furnace flue in* a Lancashire or Cornish boiler. 

9. Sketch in section common forms of wrought iron and mild steel used in construction. Show how 
in a built-up girder the web plate is connected to the flanges. What size rivets would be used for plates? 

10. Show three methods of connecting together parallel plates suph as are used in locomotive fire boxes. 

11. (live a section through a T-iron joint, showing the construction. 

12. Show by sketches how two plates at right angles to each other may be connected by means 
of angle irons and rivets. 

lfl. Show by sketches the methods of strengthening a boiler by means of (a) a longitudinal bar stay 
joining opposite flat ends, (/>) a gusset stay. [B.E.] 
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14. In a single riveted lap joint the plates are 2" thick, rivets diameter, pitch 2{". Assuming 

the tensile resistance of the plates to he equal to the shearing resistance of the rivets, find whether the 

joint will fracture by tearing or by shearing. 

15. Show the diiferent ways in which a riveted jwint may fracture. In a single riveted joint the 

plates iire A" thick and the rivets J" diameter, calculate the pitch for the greatest strength of joint. 
The shearing resistance of the rivet is the tensile resistance of the plate per square inch of section. [B.E.] 

16. fn a single riveted lap joint the plates are Jj" thick, rivets l" diameter, and pitch 2^". Find 

whether the joint will yield by shearing or by tearing, the plates being 10 per cent, stronger in tension 
than the rivets in shear, per square inch of section. B.E. J 

17. Sketch a single riveted lap joint for plates, using rivets. Show how such a joint may 

fracture. 

Calculate the pitch, (i) assuming the touring resistance of the plates and the shearing resistance of the 
rivets to be equal. 

(ii) When the safe shearing strength is 7800 lbs. per sq. in., and the safe tensile strength is 10,000 lbs. 
per sq. in. 

18. A treble-riveted lap joint has twice as many rivets in the middle row as in the outer rows. 
Plates J" thick. Rivets 1" diameter. Pitch of outer rows 4-J". 

Draw cross section and plan. Seale l. 

19. In a single riveted lap joint the plates are thick, rivets 1" diameter and pitch 2£". Find 

the efficiency of the joint. 

20. In a double riveted lap joint for J" plates, the rivets are J" diameter, the longitudinal pitch is 2£", 
the diagonal pitch is 2£", and the overlap is A\". Sketch this joint to scale, full size, on squar^ paper, 
showing two views, one being in section. 

21. In a single riveted lap joint the plates are thick, rivets £" diameter. Assuming the tearing 

resistance of the plates to be 30 tons per sq. in. and llie ultimate shearing strength of the rivets 24 tons per 
sq. in., find the pitch. Make a dimensioned sketch of the joint. 



CHAPTER ITT. 


SCREWS, BOLTS AND NUTS. 

Screw threads. The usual form of arrow thread in use by engineers is known as the Whitworth 

thread. Other forms, sueli as gas threads used for piping, 

are employed for special purposes. 

Vee thread. What is called the Vee thread is shown 
in Fig. 07. It will be seen that the sides of the thread 

are inclined at an angle of 55 ’ ; they do not terminate in 
a sharp edge, but are rounded off at the top and bottom to 
a distance equal to of the depth of the thread. 

Pitch. The pitch of a single threaded screw is the 
distance between two consecutive ridges, or the amount by which the distance between the head of the 
bolt and its nut would increase or diminish for one rotation of the 
screw. 

For any diameter of bolt in ordinary use the pitch may be 
obtained from tables, such as 'Fable V., p. 243. Thus, on a bolt of 
1 inch diameter there are 8 threads in an inch of its .length, and' 
lienee the pitch is J". Tt is convenient to express all the proportions 
of a screw thread in terms of the pitch. Section of square thread 

Square thread. Another common form of screw thread is the Fig. 68. * 

square thread , a section of which is shown in Fig. G8. The pitch 

of a square thread is usually twice that of the eorroypondiiig triangular thread. Thus, as already indicated, 


•c— - pitch»p 

ft 




Section oP Whitworth V- thread. 

Fm. 67. 
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an inch bolt with a Whitworth triangular thread would have 8 threads per inch length, but a square threaded 
bolt of the same diameter would have 4 threads per inch. 

Comparing the two forms of thread, it will be seen that more material is cut away in forming 
a square thread than in making a triangular thread of the same diameter. The triangular is therefore 
stronger than the square thread. The triangular thread is used for holding down bolts and for other 


purposes where strength is required. In this 
form of thread the direction of the force between 
the bolt and nut is inclined to the axis of the 
screw, this not only increases the friction between 
the bolt and nut, but also gives a tendency to 
burst the nut. 

In the square thread, the direction of the, 
mutual force between the bolt and nut is nearly 
parallel to the axis of the bolt. Hence this 
form is used for a variety of purposes, such as 
in book presses, etc., in which the transmission 
of motion is concerned. 

The edges of a square threaded screw are 
slightly rounded off, an expedient which not 
only makes it safer and easier to handle, but 
also renders it less liable to damage. 

Screw thread or helix. In many cases, such 
as in screws of comparatively large size, in spiral 
approach to accuracy the form of a screw thread. 



Fin. 09. — Projection of a Square Thread. 


springs, etc., it is necessary to he able to draw with some 
The method may he shown by an example as follows. 


Example. Draw a square threaded screw, using the following dimensions ; outside diaml|<||t 4" ; 
inside diameter, 3"; pitch, 1". • . ” 

Commence hy drawing two semi -circles with radii of 2" and llj' respectively. Project the lines 
A and B, i.e. 4" apart (Fig. f>9). Divide the semi-circle into any convenient number of equal parts and 
number these as shown. Mark oil' a distance ac denoting half the pitch, and divide this distance 
into the same number of equal parts as the semi-cirelc. Draw the vertical lines O', I/, 2' ...6 r ; then 
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points on the required curve are obtained by projections from the points 0, 1, 2 ... 6 to meet 
corresponding lines O', V 2'... f/. The points obtained in this manner may be marked on a piece of 

celluloid, thin wood, or card- 



board, and an even curve 
drawn through the points. 
Any irregularities in such a 
curve may be detected and 
rectified by placing the sur- 
face on which the curve is 
drawn on a level with the 
eye and looking along the 
curve. 

The curve should be cut 
out carefully and the edge 
made smooth by using a 
piece of fine sand paper or a 
smooth file. When finished 
if may be used as a tem- 
plate to insert all the re- 


maining portions of the curve. 

In a similar manner, tin* curve showing the inner edge of the screw thread may be drawn. 

A section of a nut suitable for the. screw just drawn is shown in Fig. 70. The curves indicating* 
the screw thread are obtained in the same manner as before. 


Conventional methods of representing screw threads. Tn the majority of cases in which holts occur 
in machine drawings, the bolts are not only of small size, but, in addition, the scale is less than full size 
and therefore the attempt to draw the tru: shape of a "screw thrcacl would serve no useful purpose. Tn 
such cases the screws an* usually drawn in a conventional maimer. Some of the methods usually adopted 
arc indicated in Fig. 71. Thus, at (I), a, triangular screw is represented by a series of small triangles, 
using for the purpose the fi() set square. e 

As one turn of the screw corresponds to a distance equal to the pitch, it is only necessary to draw a 
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vertical line, and to mark off a distance on one side of it equal to 
half the pitch. When this is done the two series of triangles on the 
upper and lower edges respectively can be drawn, and the delineation 
of the screw thread is completed by joining t he angular points of the 
triangles by straight lines. 

* In a similar manner, we may obtain the square thread shown 
at (II) (Fig* 71). This thread consists of a series of small squares 
joined by straight lines. Another method frequently adopted, for 
-all except comparatively large screws, is indicated at (III). It will 
be seen that the screw thread is indicated by straight lint's drawn 
at a suitable inclination — the shorter lines denoting roughly the 
bottom of the thread may be made slightly thicker than the longer 
lines. 

Two other methods are indicated at (IV) and (V) (Fig. 71). 
In (V) the thread is denoted by dotted lines ami in (IV) by two 
thick lines. 


~rts of a bolt are indicated 

V. when the diameter d of the^ 
i all machines, and mack 5 " 



11 flight hand Square thread Left hand squire thread 



Projection of a nut. 


Squsra or V threads^ 


Fjo. 71 — Conventional Methods of representing 
Screw Threads. 



If a careful examination of a hexagonal nut 

is made before proceeding to draw it, no difficulty 
will be experienced ih realising that the elevation 
of a nut niuy be shown as at A (Fig. 72) or a a at 
B. The elevation at A shows the distance between 
two Hat sides of the nut and at B the distance 
from corner to conny. 

To draw the Rejections of a nut for tFbolt 
1 inch diameter, proceed as follows : Commence by 



drawing a circle 1 


diameter, and with the same 


Projections of a Hexagonal Nut 

Fin. 72, 


centre draw auothcJ circle the diameter of which 
is the width of lio nut across its flat sides 
= l|d + ^ ,/ . Usingfihe 30° set square and the 
T-square, draw the f ides of the nut just touching 


C.M.C. 



points on the required eu 
corresponding lines 0\ 1 ' 



Section of Knuckla 
Fig. 78. 

is shown ill Fi«. 74. It ^ 
of the depth is taken olt at 

Buttress thread. As «lre 
renders the screw thread i»m« 
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In a similar manner, using the G0“ set square, draw the projection of the 

res of the nut may he indicated hy drawing an arc of a circle with centre O, 
and radius equal to the diameter l". The chamfering is 
completed by drawing two smaller curves, as shown at B 
in Fig. 72. 

Knuckle thread. When a screw thread is liable to be 
subjected to rough usage, the profile ol the thread may 
be that shown in Fig. 7i», which consists of arcs of circles, 
and is known as a knuckle thread . 

Seller’s thread. A section of the Seller's screw thread 
noticed that the angle of the thread is 00° and that one-eighth part 
he top and at the bottom. 

adv indicated, the amount of material removed in forming a square thread 
|h weaker than the corresponding triangular thread, in which a comparatively 

!5- P ,tch 


ill be 



Section of Setters 


thread. 


Fig. 


Section of Buttress Thread 
* Fig. 76. 


A successful attempt to combine'- the advantages of the square with the strength 
small amount- is removed. , l( | e j u w liat is called a buttress thread, shown in Fig. 75. It will be seen 
of the V-thread has. been other inclined at an angle of 45 . One eighth of the depth of the thread 
that one side is verticil aw , ] )ottom 
S cut off at the top ami at 
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Proportions of bolts and nuts. The names given to the various parts of a bolt are indicated 
in Fig. 7G. 

The sizes of the head and of the nut of a bolt may be obtained from Table V. when the diameter d of the 
bolt is known. Bolts and nuts are, however, of such frequent occurrence in all machine* and machine 



details that it is desirable, when the diameter of a bolt is known, to be able, without reference to tables, 
to draw it. The following proportions of bolt heads and nuts — which represent fairly average practice— should 

be committed to memory. Thickness of bolt head =|d. 

„ nut „ = d. 

Width*, W, across flat sides ~l,}d + J". 

Distance from corner to corner = 1 §d + 

When the head of the bolt is made square, as in Fig. 76, the side of the square is l-gd-f J", and 
when the heart is circular this proportion also gives the diameter of the circle. 

The drawings in which bolts and nuts occur are frequently made to a small scale, and to avoid calculation 
lfd is used to replace l^d-H^". When this replacement is made it is only necessary to mark off on eaela^ 
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side of the centre line, a distance £d, also the distance from corner to corner is made 2d ; these proportions 
are obtained easily from the drawing. 

The conventional methods of drawing a bolt and nut are shown at I and II (Fig. 76). 

1 Example. Draw t he elevation, end view, and plan, of a bolt and nut. .Bolt l" diameter 
and 4" long. Write on the drawing the usual dimensions adopted for the various parts. 

Fracture of bolts. A Dolt may fracture 

(1) by tearing; 

(2) by the stripping of the thread ; 

(3) by the bolt head giving way. 

Of these, the first is the most important, and in this ease the diameter of a bolt may be obtained from 
the relation (area of bolt) x (safe stress) = load ; or, 

2 drxf^P, 

where d A is the diameter of the. bolt at the bottom of the thread, and the relation between d x and the 
diameter d is given in Table V., or by d 1 = 0'84d approximately, f may be taken to be 3000 lbs. per sq. in. 
to allow for stresses due to screwing tightly. ' 

Example . A cylinder of 12" diameter is to be designed. Pressure of steam 100 lbs. Find the 
size and the number of bolts in the cylinder cover. 

Area of cylinder = 12 2 x 0*7854 = 113 sq. in., 

P = 1 13 x 100= 11300 lbs., 

, . . 11300 oW 
'• bolt* area = ---- =3-767. 

If bolts arc used, then n= =12 holts. 

O'oOo J 

Iff' .. o = 5-lS“ 9 bo,ta 
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To ensure tight joints, the pitch of the bolts is usually about 5 d, where d is the diameter of the bolt. 
With the spanners in general use, no bolts less than diameter are used for joints. 

Oas threads. Wrought iron pipes of comparatively small size used for the conveyance of j 

gas ind water may be fastened together by what are called nipples or couplings (Fig. 159). 

To form such a connection, the pipes have a screw thread cut cither on the outside or on the 
inside of the pipe. The depth of the Whitworth thread renders it unsuitable for such a 
purpose, and the thread used, called a c/as thread , is finer in pitch and of smaller depth than 
the Whitworth thread. Thus, the screwed portion of a pipe f" internal diameter and l" 
external diameter would have 14 threads per inch of length, or a pitch of T ^' 7 instead of 8 
threads per inch of length and a pitch of 

Prevention of rotation of bolt. To prevent the rotation of the bolt during the turning 

of the nut, a small portion of the bolt close to the bolt head is usually left square and 

fits somewhat loosely into a square hole in one of the pieces to be joined. Another 

method is to provide a small pin or snug immediately under the head of the bolt, and this pin 
fits a corresponding hole made, to receive it. Such an arrangement is shown in Fig. 77. 

Forms of bolts and screw*. When a bolt and nut cannot be used, other forms which 

receive special names, such as tap bolts , set screws , studs , 
e uc. , are used. A set screw is a screw, or bolt, which 

presses on a piece so as to prevent the sliding or rotation 
of that piece, as in Figs. 90, 118, 136, etc. 

Tap bolt. In this form a screw thread is made along a certain length, 
as in the arrangement in Fig. 78. It will be noticed that Ifc^screw 
passes loosely through one piece A and is screwed into another jPfee B, 
in which a hole Tias 4)ccn made to receive it. 

The headsf of tap bolts, as in bolts, are of various forms ; i.e. square, 
hexagonal, hemispherical, cylindrical, etc. 

In some cases, as in Fig. 100, a hole large enough to receive the 
cylindrical head of the screw is made in one piece, and the screw may be rotated by means of a screw- 
driver fitting a rectangular hole in the head of the screw. » 




Fig. 77. 


Fig. 78.— Tap Bolt. 
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Studs. A stud, in its simplest form, as at C (Fig. 79), consists of a round 
piece of metal (iron, steel, brass, copper etc.), at each end of which a screw thread 
is formed. The intermediate portion is used to grip the stud so that it may 
be screwed firmly into its place. To facilitate this the portion referred to is in 
many cases made square in cross-section, as at D (Fig. 80). Studs and screws are. 
screwed into metal usually for a distance l^d to ljd, where d is the diameter of 
the stud. 


Special bolts. Bolts of special shapes 
I'm. 79.— stud. are used in machine tools and for other 

purposes. Three*, of these are shown at 
(a), (b), (c) in Fig. 81. Tin* first is called a hook boll from 
the peculiar hook form given to the head. At (b), another form 
called an rf/r-hoU is shown, and at (c) a toc-hoadvd, holt. In 
the last, the. projections forming 1 he head of the boll, arc* only 
present on two sides of it. 

Rag bolt. When a machine is to be secured to stonework, 
its own weight is not always sufficient to keep it- rigidly in 
position, and some means of fastening it to the stone must be. 
provided. Two forms of bolt frequently used for this purpose 
are known as /{at/ and Lrtns bolts. Jn the former, the lower 
part of the bolt is made with the tapering sides, and these 
are usually indented as indicated in Fig. 82. When placed in 
position, in a corresponding taper hole, the space between the 
sides of the bolt ami the stone in which it is fitted % is filled 
with molten lead. The objections to tlii . for™ of bolt art* the 
use of the molten lead for fixing and the difficulty of removing 
the bolt if required to do so. 

Lewis bolt. In the Lewis bolt one side of the head of the 



Flu. 80. — Stud. 
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bolt is made of a taper form and the other straight, as shown in Jig. 83.^ The hole in the stone is made 
to receive the head, which is secured by a cotter as shown. 



F m. 83. 



Cotter bolt. In a so-called cotter holt , a rectangular hole is made in the bolt to receive tho cotter. 
One form of such a bolt is shown in Fig. 84, and consists of a comparatively long bolt passing through 
brickwork or masonry. At some convenient place, a hole is made in the brickwork, or masonry, large 
enough to allow a cast-iron washer to be threaded on to ihe bolt. Tho washer provides a bearing surface 

. ' „V K .... 
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for the cotter. Rotation of the hoi t. (luring the process of turning the nut may bo prevented by means 
of a groove on the washer into which the cotter fits. The bolt can rotate only by rotating the washer. 
As the washer is of comparatively large', size and rests against a rough surface, the device effectually 
prevents the rotation during the process of screwing or unscrewing the nut. 

Stay bolt. Wliat arc known as bar .stays or stay bolts are used to strengthen the flat ends of a 



Fid. 85. — Stay Bolt. Fio. HO. — (JoruleiiHor Tube. 


cylindrical boiler. These consist of long bolts passing from one flat end to the other. Such bolts il^mently 
have the ends enlarged (Fig. 85 ), the diameter of ’the \)o\l being equal to the diameter at the bottom of the 
thread. A raised screw thread of this kind is known as a plus thread . 

Condenser tubes. The tubes are or f" external diameter and about -fa" thick, and to render them 
watertight in the tube plates, a small screwed ferrule or gland G (Fig. 86) is* used. This ferrule is made 
to compress packing placed around the end of the tube. 
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Screwed stays. The Hat sides and back of combustion chambers are stayed by short screws lj" to l£" 
diameter. These screws are screwed through the plates, and are either riveted or nuts are used, as in Fig. 87. 



Fiu. 87. — Screwed Stuy. Fig. 88. — Stay Tubes. 

Stay tubes. These stay tubes were formerly made of brass, but are now made of mild steel. The plain 
tube I (Fig. 88) is 2£" external diameter. It is made to fit A’cll in the hole of the tube plate, and is rolled or 
expanded by a tube expander to prevent leakage. The tube is slightly enlarged at the smoke box end to 
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facilitate insertion or withdrawal. The stay tube II is thickened at the ends to allow for screwing with a 
raised or plus thread. The threads arc of the same pitch, so as to allow the tube to be screwed simul- 
taneously into the two plates. One end is enlarged to enable the smaller end to be passed through the 
hole in the outer tube plate. 

Example. Draw the two views of (a) Bar stay, Fig. 85, (h) Stay tubes, full size. Fig. 88. 



Locking arrangements. There is always a tendency for the nuts of the moving parts in a machine to 

unscrew owing to the vibration. Several methods have been devised to prevent this, and some of those in 

general use are indicated in Figs. 89, 90, 91. One of the most common is by means of two n-uts (Fig. 89). 

The first nut is screwed up as tight as is necessary, and the outer nut is brought into contacfnh^h it. 

Finally, whilst the upper one is held* firmly by a" spapner, the lower one is turned in a backward direction 

through a short, distance, so that the two nuts are firmly wedged together. 

The usual arrangement is to place the thicker nut below and the thinner one above. This arrangement 
allows an ordinary spanner, which is usually thicker than the thinner nut, to be used. A better plan would 

be to place the thicker nut on the outside. A plan sometimes adopted is to increase the length of the 

bolt and to use two nuts of ordinary thickness. 
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Two arrangements sometimes adopted for comparatively large nuts arc shown at (b) and (c) (Fig. 90). 
In that indicated at (c), the lower part of the nut is made cylindrical and can be locked in any position 
by means of a small set screw. 

A simple arrangement consists of a small split pin inserted near the end of the bolt immediately above 
the nut, as in Fig. 106, p. 77. The disadvantage of such an arrangement is that the nut must remain 
always in the same position. 

A plan frequently adopted is to place what is called a guard plate in the space between two or more 
nuts. The plate is kept in position by one or more small set screws, and these, together with the plate, 
must be removed before rotation of the nuts can take place. One arrangement of this kind adopted in 
recent practice for marine pistons is shown in Fig. 170. The thickness of the plate varies from to f-", 
according to the size of the nut, and the studs range from jj" to f" diameter. 

The nut at the end of a piston rod may be secured by means of a plate. This plate is fastened by 
two or more studs and nuts. To tighten the nut, the plate is removed, and may be replaced when the nut 
is rotated through one-twelfth of a revolution. The arrangement is shown in Fig. 91. 

Example. Draw full size the locking arrangement at the end of a piston rod (Fig. 91). 

Spring washers. Split washers of various kind are in use. These washers are bent out of shape, and 
require considerable force to straighten them. One of these placed underneath a nut not only offers 
resistance due to compression during the tightening of the nut, but, in addition, if any tendency to unscrew 
occurs, the sharp end of the cut portion of the washer enters the undersurface of the nut and effectually 
prevents rotation. 

Example . 2 ton screw jack. Draw tlic two views (Fig. 92). Scale full size. Also draw an 

end view, diameter of screw 3 threads per inch. 

Example . Complete two views of the studs and tap bolts shown (Figs. 78, 79, 80). In each case 
draw a plan. Scale full size. What is the advantage of having square necks on the studs in Figs. 79, 80? 

. Example . ’Draw the two ends of a stay bolt (Fig. 85). Scale half size. Also draw an end view 
and a plan. 

Example. Draw full size one end of a condenser tube (Fig. 86). 
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Draw full size the two views of a spanner (Fig. 93). 
(Jirder stay for a boiler. Draw half size (Fig. 94). 
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Knuckle joint. Wlmt is called a knuckle joint is shown in Fig. 95. The proportional unit is d, the 
diameter of the pin. When this is known or assumed the remaining proportions can be obtained. 

Example. Draw full size the two views of a knuckle joint (Fig. 95). Also draw' a plan. 


Proportions ok Knock i.r Joints. 
Let D denote the diameter of tins rod. 


Width of rod. 

R = H-d. 

Thickness of forks, 

T = 3D, Tj 

Width between forks, 

W = 1 ID. 

Diameter of bosses 

B = 2D. 

„ v pin, 

d = D. 

,, ,, pin head, 

= 1|D. 

Thickness of pin head, 

t = «D. 

Diameter of collar, 

C=l£D. 



Example. Calculate from the above table the dimensions of a knuckle joint for rods 1|" dium. 
Draw sectional elevation, end view, and plan. Full size. " 4 
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Cotter joints for tie rods. A form of joint suitable for tie rods is shown in Fig. 96 . The ends of 
the tie rods pass into a sleeve and are fastened by cotters. The proportional unit adopted is usually 
d, the diameter of the rod. > 



Fic. 9(5. — Cotter Joint*. 
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Example. Assuming the diameter of cadi of two tic rods to be 2", calculate the various sizes 
and draw the joint. Scale full size. 


Pin joint for tension bars. A joint which may be used to connect together a series of tension bars 
(as in the links of the chain of a suspension bridge) is indicated in Fig. 1)7. The ends of the bars are 
enlarged as shown. The proportional unit is b, the breadth of each tie bar. 

Example. Assuming the breadth of the tie bars to be 8" and thickness 1", calculate suitable 
dimensions and draw the two views of the joint (Fig. 07). Scale 


EXERCISES. III. 

1. Sketch a bolt with a square head, and a hexagonal nut. Supposing the bolt -to be l" in diameter, mark 

the usual dimensions of the nut and bolt head. How many threads to the inch are used on an inch bolt? 

2., Make a sketch of a stud. Describe how it is screwed into place and state any circumstances in 
which it may be used in preference to a bolt. [B.E.] 

3. Sketch the profiles of the various forms of screw threads commonly employed in machinery giving 

the proportions adopted. Poin 4 out the relative merits of the various forms. 

State the advantage due to the use of a hexagonal nut as compared with a square one. 

4. Sketch a form of bolt used for securing a machine to a stone foundation, ami explain how the bolt 
is fixed in the stone. [B.E.] 

5. Show by sketches the various forms of bolts, studs, screws and nuts which are commonly employed 
in securing together the parts of a machine. 

6. Sketch the end of a foundation bolt, showing how to fix it by a cotter and cast-iron plate below 

the masonry. . 

7: Draw full size (i) a Tec head bolt, (ii) Hook bolt, (iii) Eye bolt, (iv) Rag bolt, (v) Lewis bolt, 
(vi) Cotter bolt. ' Diameter of bolt J-". 

(live any example in which each may be used. 

8. Draw, full size, about 4 turns of a square thread for a screw of 1|-" pitch ; outside diameter of 
thread 4", inside diameter 2i". 

C.M.O. 
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9. A rectangular water tank is built up of flanged cast-iron plates. Sketch a form of joint at one 
corner where three plates meet. 

10. Show, by sketches, Whitworth’s anrl Seller’s standard, forms of screw threads. Assuming a pitch 
of 1", put on your sketches the remaining dimensions. 

11. Sketch two or three methods which are in use to prevent a nut working loose. 

12. Select a special example of each of the following two kinds of fastenings. Sketch the forms of the 
fastenings and the forms of the pieces united in the locality of the fastening, for each state the reasons 
which cause that form of fastening to be preferred to the other. 

(a) A rivet. (/>) A bolt. [ B.E.] 

13. Give an example of the use of both a right and left handed screw thread on the same piece and 
describe how it is used. 

14. Show the form of the Whitworth screw thread by drawing a section on one side, of a screwed rod 
for a length of two inches. Draw five times full size, using a pitch of [B.E.] 

15. Describe with sketches some form of spanner which is adjustable to fit various sizes of nuts. [B.E.] 

16. Sketch and describe how the flat end plate of a boiler is strengthened by the use of a longitudinal 
bar stay. 

17. Point out the various ways in which a screwed bolt and nut may yield to the forces to which 
they are subjected. 

18. The, cover of a hydraulic, cylinder is secured by two bolts. If the water pressure is 700 lbs. per 
sq. inch, aud the cylinder If in. diameter, find the diameter of the bolts. Safe stress 3000 lbs. per sq. in. 

1 9. Find the diameter of the screwed end of a piston rod, diameter of the cylinder 20 in., pressure of 
steam 80 lbs. per sq. in. Safe stress, 6000 lbr. Tier -eq. in. 

Give dimensioned sketches of the nut. 

20. The longitudinal bar stays of a short boiler are 16 inches apart, horizontally and vertically. The 
steam pressure is 135 lbs. per sq. in. Find the diameter, the material being mild steel. Safe stress, 
8000 lbs. per sq. in. 
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21. The chain of a suspension bridge is made tip of links having a rectangular cross section 6" by 1". 
Sketch with dimensions a pin joint suitable for connecting the links. 

22. Give dimensioned sketches of a knuckle or fork joint suitable for connecting two rods 1" diameter. 

23. A tie rod of l£" round iron is made in two lengths, connected by a sleeve and two steel cotters, 
the rod ends at the junction being enlarged. Sketch the joint and insert suitable dimensions. 

24. Tf d is the diameter of a bolt, p the pitch of the screw thread, n the number of threads per indy 
and d the diameter at the bottom of the thread, calculate values of p, n, and d, when d = 1", l^". 2|", 3". 

(i) Vee thread p = 0’08d + 0*045, d 1 = 0*845d. 

(ii) Square thread p = 0*16d + 0*9, d l = d — p, n-1 rp. 

25. Find the diameter of the screwed stays, each of which supports an area of the flat surface in a 
boiler equal to a square of 4" side, steam pressure 150 lbs. per sq. in., safe strength of the material 
4000 Ibt. per sq. in. 

26. A flat surface in a marine boiler is constructed of -{[" plates, with wrought iron stays 6" apart, 
steam pressure 120 lbs. per sq. in. Show how to fix the stays. Also determine their diameter. Safe stress 
4000 lbs. per sq. in. 

27. The square thread in a screw jack is \V f diameter, pitch (p. 61). If the safe stress is 4000 lbs. 
per sq. in., find the load that can be raised. 

28. A cylinder is 12 in. diameter, pressure of steam 100 lbs. per sq. in. Find the diameter of the 
bolts in the cylinder cover if 12 bolts are used. Safe stress 3000 lbs. per sq. in. 
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Keys. What are known as keya consist either of wedge-shaped, or parallel, pieces of wrought iron, 
or steel. They are used to connect rigidly wheels, cranks, pulleys, etc., to shafts. Several forms of keys 
in general use are shown at (a), (b), (c), (d) and (e) in Fig. 98. In each case one end of the key called the 



Fig. 98. 


head is made slightly thicker tlmn the opposite end, called the point of the key. When driven into 
suitable grooves in a wheel, or in a pulley, the frietjon f?et up forms a rigid connection between the pieces 
joined, and rotation of one ensures the !otat;' ,? > of the other. The resistance thus offered to slipping 
depends to some extent upon the shape of the key and the surface on which it rests. Thus, when the 
resistances to motion are comparatively small, as in light pulleys and wheels, what is known as a saddle 
key (Fig. 98 (a)) may be used. The under surface of a saddle key is made hollow to fit this shaft, and in 
this rrmtiner a wheel, or nullev. can he fixed in unc dewirml Q 1 ™»rr « 0I..1 ft 
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The resistance to slipping is increased when the under surface of the key (b) is flat. The most secure 

form of key is that at (c), called a sank key , in which one-half the key is sunk in the shaft and the 

remaining half in the wheel or pulley. 

In certain eases, as in some machine tools, a square key, as at (e) (Fig. 98), is used. Such a key is 

parallel from end to end, and some means must be adopted to prevent the key moving in an endlong 

direction during the rotation of the shaft. In many cases this endlong motion is prevented by a thin 
plate, or washer, fastened by a set screw to the end of the shaft. * 


Proportions of keys. When the diameter of a shaft is known, it is important to be able to insert the 

dimensions of a suitable key. These dimensions may be obtained by calculation; or an empirical rule, 

such as the following, may be used and should be committed to memory. 

The proportional unit is obtained first by adding V ! to the diameter of the shaft. The breadth and 
depth of the key arc then expressed as fractional parts of the unit, as follows : 

Saddle and key on flat: breadth depth J. 

Sunk key : breadth depth 

The practical method is to increase the diameter of the shaft by half an ineli on the same scale as 

that to which the shaft has been drawn and then to take 7 }, and or -J-th of the 

distance so obtained. 

Example. Find the dimensions of the key for a shaft diameter (a) 
for a fiddle, or key on flat, (/>) for a sunk key. 

Adding to the given diameter the unit becomes 4 r/ . 

(a) = l" and (&) = 1" and are the breadth and depth respec- 
tively. 

Gib key. To dislodge a key of the form shofan at (f) and (g) (Fig. 98) it is 
necessary to be able to drive it in a backward direction from the point end of 
the key. In some cases, a projection on the shaft may oScur as at (Fig. 99), and 
the point of the key is inaccessible. In such circumstances what is called a gib 
key may be used, since this form of key may be released, if necessary, by inserting a wedge in the space 
marked S. 



Gib Key. 
Fio. 99. 
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Sliding keys. A wheel, or pulley , is sometimes required not only to turn with the shaft, but also to 
slide in the direction of the length of the shaft. In such a case the key is made parallel and may be 
square in cross-section as at (d) (Fig. 98). Such a key may be fastened to the shaft by means of small set 
screws, as indicated in Fig. 100. Another arrangement is shown in Fig. 101, in which the key is secured 
to the wheel, or pulley. 



Sliding Keys. Key fixed bo Wheel. Staking on. 

Fig. 100. Fig. 101. Flo. 102. 


Staking on. In the case of large wheels and pulleys the hole is sometimes made larger than the 
diameter of the shaft, and the two are fastened together by four taper keys (Fig. 102) — a process known 
as staking on. 

Taper of a key. The taper of a key varies from to -fc" per foot of its length. Usually the former 
fraction corresponding to a taper of 1 in 96 is used. 

Cone keys. To enable a wheel, or pulley, to pass over projections such as collars, etc., on a shaft, 
the hole is made larger than the shaft, and also what are known as cone keys are inserted ift the space 
between the shaft and the pulley. Cone keys are usually made of cast iron and are cast in the form of 
a hollow cylinder ; the inner surface is bored to fit the shaft and the outside is made of a taper or conical 
form to fit the hole in the pulley, or wheel. When tfyis has + been done, the casting is divided into three 


IV.] SHAFTING, KEYS AND COUPLINGS ?\ 

or four equal portions, as in Fig. 98 a. The pulley, or wheel, is secured to the shaft by driving these cone 
keys firmly into place. 

In another arrangement, a screw thread is formed on the outside of the cone keys aud a similar 
thread on the inner surface of the wheel, or pulley. Holding the cone keys at rest, the pulley is screwed 
as tightly as is necessary to secure it firmly to the shaft. The direction of rotation is such that the 
resistance of the belt on the pulley tends still further to increase the grip. 

Shafting. The material generally used for shafting is either wrought iron or mild steel. Cast iron is 
rarely, if ever, employed for such a purpose. The cross-section is usually circular. Exceptions are furnished 
by such special cases as the shafting used in some overhead travelling cranes in which square shafting is used. 

The strength of a circular shaft to transmit force depends upon the cube of its diameter. Thus, the 
strength of two shafts of the same material, and 2" and 3" diameter respectively, would be proportional to 
the numbers 8 and 27, or as 1 to 3*4. Whilst the weights of equal lengths of the two shafts would be 
proportional to the squares of the diameters, or as 4 to 9, or nearly 1 to 2. Hence, in large marine shafts, 
the weight of a given length of shafting being retained, its strength may be increased considerably by 
making the shaft hollow. Thus, for example, a hollow shaft in which the external diameter is 25" 
and the internal diameter 14", would weigh about the same as a solid shaft 20§" diameter, but would have 
about double the strength. 

The torsional strength of a circular solid shaft is given by 

T !>' « 

where T is the twisting moment in lbs. incites, d is the diameter of the shaft in inches, and f is a 
constant depending upon the material of the shaft. Thus, f for wrought iron is usually taken to be about 
9000 lbs. per sq. in. and f for steel about 13,500 lbs. per sq. in. 

In the case of a hollow steel shaft, of external diameter D, and of internal diameter d, the formula 
becomes 

T = 

where f has the same value as before. 

When the 'numerical value of T is known, the diameter of a shaft may be obtained from (i) or (ii). 

The twisting moment that can be transmitted safely by a shaft of diameter d, or diameters D and d, 
can be obtained easily by calculation from (i) or (ii). 
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If I ia the length, and b the width of a key, then if I is known, b can be found from 


,bfX 2 


7T 

To 


d 3 f. 


For convenience in handling and in manufacture, shafts used in factories, and for similar purposes, are 
made in convenient lengths of from 20 to 30 feet. These separate, lengths are. connected by means of 
suitable couplings. These couplings, may, as in marine shafts, be. made in one piece with the shaft, or are 
made separately and afterwards fastened to the shafts by means of keys. 


Shaft coupling's. The couplings used in connecting together lengths of shafting may he divided roughly 
into two classes, viz. : fas and loose or disengaging couplings. Of the last couplings, the shafts, except in 
cases of renewal or repair, rarely require to be disconnected. The couplings in general use are known as 
box or Jialf-lap, and Jlange couplings. 

Loose or disengaging couplings an 1 of many different forms. Thus, one coupling may be provided with 
projections fitting into corresponding recesses of the other (Fig. 107, p. 7K). Such couplings are. very suitable 
for slowly moving shafts; hut for shafts moving more quickly some, form of friction coupling is used. In one 
form, the wedging action between two conical surfaces, which may be forced together or released, is employed. 
In another form a split ring is placed inside another ring, the two open ends of the ring are forced apart 
or released by means of a wedge, actuated by a screw. When the. wedge is forced into place, the two parts 
of the coupling, due to the expansion of the ring, are held together firmly without slipping, and rotation of 
one shaft ensures the rotation of the other. When the wedge is withdrawn, the split ring, which is fastened 
to one shaft, rotates freely without giving motion to the other. 

Box or muff coupling. A box or muff coupling is shown in Fig. 103. It consists of a cast-iron box 
B, in the centre of which the two sliaf, s S and S 2 nice.t. The coupling is fixed usually by passing the 
box over the end of one shaft as and placing the other shaft in position. Then, drawing back the 
coupling until the centre of the coupling coincides with the ends of the two shafts, a sunk key is used 
generally to fasten each end of the shaft to the coupling. 

It will be seen from Fig. 103 that the point end of one key is not in contact with the head of the 
other, hut the two are separated by a short interval. This device enables the first key to be released and 
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used as a driver to release the second key. In this manner the loosening aud removal of the keys are 
facilitated. 

In some cases only one key is used, and this is the full length of the coupling. This arrangement 
requires that the key ways in the ends of the. two shafts shall be exactly the same depth, and is therefore 
not so good an arrangement ns the preceding one. 



Fin. 10,1. — Box or Mufl* Coupling. 


The following proportions may bo used to determine the dimensions of a box coupling : 

Length of coupling = 3d 

Diameter „ ~ 2^d 

Diameter of enlarged portion of shaft = 1 £d, 

where d denotes the diameter of the shaft. 
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l!OX OR MUFF COUPTJNC1S. 


Diameter of shaft, 

2 

*> i 


:U 

1 

4J 

5 

„ „ coupling, - 

- 

4J, 

i 

r> r ’ 

H 

• 

«-? 


i) 

io; 

hi 

Length of coupling, 

_ ! 

6 

7 \ 


JO'. 

VI 

i ’ ~~ 

l»i 

15 


Kxamplc. Draw hall size, the two views of a box coupling (Kig. lO.'l). Also draw a plan. 

, ,i V f alf ' laP C °| UPl ! ng ' T ", th<! <■<>"/>/"'!/, introduced by Sir William Fairlmirn, the two ends of the 

shatts are. made to overlap each other and are usually fastened bv a kev as in Fl.r mi , 8 ot 

x zJz rrf iEv £vir - 

make and are therefore not often used. 1 *" P S * ot t,us kind arc expensive to 

following f “ 1 “ 1H * I> “"‘ Pli " g f ° r “ « ivcn diMlll ' to d «f “ L “ft ““'7 >» obtained from the 

Length of coupling =2d. Diameter of coupling =2]d. Diameter of enlarged part of shaft -1 Jd. 

Oldham-8 Coupling Fig. 104a, may be used when the axes of the shafts are parallel, but not in the same 

mS W pr ° jec ‘ m8 P ' e “ S at “ gles to 0,10 “‘ otW ' i" a» targe* «",3 

Fiance couvZi* ' \T ^ ^ tW ° T* of . B ha,f ‘ ,a P cou P lin S (*% 104). Also draw a plan. 

, , IlM * e il couplings - . A flan g e coupling, or a jaoe plate coupling, is usually made of cast iron P Th« 
Um of the nnnptoig are turnod in the lathe, the hole* bored' to fit the slifta. and thflL^L E 
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The parts are then keyed to the shafts, the head of the key in each case being at the end of the shaft. 
When this has been done, each shaft is again put into the lathe centres and the two faces of the coupling, 
which fit together, are made perpendicular to the axis of the shaft.' The rotation of the bolts during the 
process of turning the nuts is prevented by making the bolts fit the holes in the flanges somewhat tightly; 
or, a small pin or snug may be inserted close to the head of the bolt for the same purpose. 



Fm. 104. -Half-lap Coupling. Flo. 10 4a.— Oldliam’fl Coupling. 


One coupling is made to enter a short distance, or into the other. This plan ensures that the 
couplings are in line with each other. When necessary the flanges of the couplings are made of sufficient 
thickness to allow recesses to be formed for the bolt heads and the nuts as in Fig. 108. 

The dimensions of a flange coupling for shafts of diameter d may be found from the following: 

Diameter of boss = 2d, thickness of flange = £d 
♦ Length* of flange and boss=lfd. 

Example . Draw half size the two views of a flange coupling (Fig. 105). Also draw a plan. 

Coupling for marine aliafbs. In the shafts for marine engines, the flanges arc usually forged in one piece 
with the shaft and are secured by bolts. For this purpose taper bolts — which are made to fit the 
holes — are employed. The number of bolts used is generally 6, 8, 9, or 12. The various lengths of 
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shafting are filleted into one another to keep them in line, or the flanges are each recessed to an equal depth 
to receive a steel disc. The holts are made with heads, as shown in Fig. 106, and often without heads. 
The following table gives particulars of some couplings taken from actual practice (the dimensions are in inches): 

MARINE FLANGE COUPLINGS. 


Diameter of shaft 

<) 

9} 

16 J 

22 \ 

23 

Diameter of Hange 


19 

32 


38 

Thickness of flange 


o 

H 

G 

5 

Diainetc of holt circle- 

a .j 

ii J 

i »r> 


»«'8 

Number of holts - 

G 

(! 

s 

1 

!> 

s 

Diameter of bolts 

H 

-1 

j 

u 



Example. Draw two views, half sectional elevation and end view of the coupling (Fig. 106). 
Scale half size?. Also draw a plan. 

Example . Draw two views of a coupling for .a marine shaft 16 A" diameter, from the data in the 
preceding table. 

Claw, or disengaging coupling. In the forms of couplings, shown in Fig. 107, one half the coupling is fastened 
to one shaft S x by means of a sunk key ; the other part D is connected to the shaft S 2 by means of a sliding key , 
By means of a suitable lever, centred outside the axis of the shaft and having one end in the recess A, 
the coupling D can be brought into contact with, or moved away from, the part B. As the shaft 3» is 
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the driver it follows that when the two couplings are in gear, the shaft to which B is fastened will rotate, 
but when D is drawn out of gear with B, then B will remain at rest. 

Example. Draw the diseugagiug coupling (Fig. 107). Scale half size. 




Section on C.C 


Friction cone coupling. This coupling (Fig 108) closely resembles externally a flange coupling. The cone 
keys are bored to fit the shaft and the outside turned taper to fit corresponding holes in the two couplings. When 
the halves of the coupling are drawn together by means of the bolts, the sloping surfaces of the cone keys will force 
these very tightly against the shaft, and in this manner rotation of one ensures the rotation of the other. 

Hooke's Joint or Universal Coupling is used to connect two shafts the axes of which intersect ; it has the advan- 

tage that the angle between the shafts may alter while they are in motion (Fig. 108 a). 

Example.. Draw half size the sectional elevation and end view <Tf the coupling in Fig. 108. 

Flexible coupling. In the preceding types of coupling the object throughout has been to obtain 

rigidity ; the turning of one shaft must give the same definite motion to tne other ; in other words, 

no yielding or slipping of the couplings is supposed to occur. There are many, other cases to consider . in 
machinery, especially where sudden shocks, or where twisting forces; are suddenly applied (which tend to. 
fracture a shaft). In such cases the shaft must be sufficiently rigid to transmit the force required, and 
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must also be flexible enough to yield to any sudden shock without fracture. Such a coupling is known 
as a flexible coupling , and may consist of two parts resembling a flange coupling, one half rigidly fastened 
to one shaft and the other hajf to the other shaft. But the two halves, instead of being fixed together by 



Fig. 108.— Friolion Cone Coupling. Fra. 108a. — Universal Coupling. 


a rigid bolt connection, are connected by steel springs, as in Perry’s Transmission Dynamometer, or by a 
pise or ring of leather, as in Fig. 109, where, as shown by a zig-zag section, a ring of leather L is fastened by 
means of 6 screws to the coupling A and also to the coupling B. In such an arrangement any sudden twisting 
Action is allowed for by the flexibility of the steel springs, or the leather. 
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Example.. Draw half size the two views of the flexible coupling (Fig. 109). 



Flo. 109. — Flexible Coupling. 


EXERCISES. IV. 

1. Show by sketches some of the various methods of fitting a key to prevent relative rotation of a 
shaft and a piece which is mounted on it. Quote an example of the use of each method of fitting, 

mentioning the difference in the circumstances of each. 

* 
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2. Describe a coupling for shafting on which there are no projecting bolt heads, nuts, or key heads. [B.E.] 

3. Of what material is shafting usually made. Show by means of a sketch the usual form of shaft 

neck or journal. ' Explain the use of loose collars. 

4. In some forms of llange couplings the bolt heads and nuts are placed in circular recesses to avoid 
projections. Sketch some form of box-key or spanner which may be used for tightening the bolts. 

5. Sketch two or three forms of coupling suitable for mill shafting. 

fi. Wluit is the object of using cone keys for fastening pulleys to shafts? 

7. Two shafts of 2" diameter are connected by a muff or box coupling. Draw section, end view 
and plau. (Scale half size.) 

8. Show by sketches how a wheel is fixed oil a shaft bv means of a sunk key ; also some method 

by which the key may be withdrawn when it cannot be driven from the point end. 

9. (live sketches showing how the separate lengths of a line of shafting may be connected together. [B.E.] 

10. Show by sketches a claw or disengaging coupling (or friction clutch). Explain liow the coupling 
is put in and out of gear whilst the shaft is running. 

11. Describe with sketches (ft) how you would proceed to cut a parallel and also a taper key -way 
in a pulley or wheel ; (/>) how you would proceed to fit such a key ; (c) state any method of. fitting 
ft feather or sliding key so as to permit a pulley or wheel to be moved endways along the shaft. 

12. Sketch and explain the modes of fixing a wheel or pulley by means of a saddle key, by cone 

keys, and by staking on. In each case give suitable dimensions for a shaft 3}J r diameter. 

13. Sketch a butt or muff' coupling and a half lap and a flange coupling, suitable for a shaft 3" diam. 

State any circumstances when one may be used in preference to the others. Insert on the sketch 
suitable dimensions. # 

14. With the aid of sketches describe how the following four kinds of fastening arc used in connecting 

together parts of machines — quote one example of each fastening, in which it is preferable to use that 

kind of fastening rather than one of the others ; (a) a bolt and nut, (b) a rivet, (c) a cotter, ( d ) a key. [B.E.] 



CHAPTER V. 


BELT AND HOPE PULLEYS. 


Belt pulleys. If A and B represent two shafts on each of which a pulley is fastened, then by means of 
a belt the rotation of one shaft will cause; the rotation of the other. If A is the driver and B the pulley 

driven by it (usually called the follower ), then when an open bolt- is used, B will rotate in the same 

direction as A, and in the opposite direction when the belt is crossed (Fin. 110). The speed of B compu.red 
with that of A will depend upon the sizes of the pulleys on A and B. 

Let N denote tin* number of revolutions made by A in a niven time, and n the number made by B in 
the same time; also let D denote the diameter of the pulley on A, and d that on B. 

Jf no slipping oeeurs between the belt and the rim of the pulley, the speed of the rim must be the 

same as that of the belt. 

Speed of rim of A = Dxtx N, and this must be the same as the speed of B or d x 7rx n ; 

D7rN = d?rn 

n D 

or - ; — - 


( 1 ) 


It follows that when the diameters of the pulleys are the same, the number of revolutions of A is the same 

as B. 


Example. Let the pulley on A be GG" diameter, and make 100 revolutions per minute. 
If the pulley on B is 12" diain., 


ci , r « 3GxlOO 

Speed of B = =,100 revol. per min. 

1 tj 


i 
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Length of Belt A good approximation to tlrn length of belt re<|uired may be obtained by graphical 
construction. Lei A and B (Kig. NO) denote llie two pulleys. Pmw CF tin! common tangent to the two 
circles, then onc‘-half the length required is obviously the an* DC, the length CF and the arc. FE. Divide, the 
lire. CD into four equal parts so that Cb is ] CD. With C as centre and Cb as radius, describe an arc 
rutting FC produced in R. Then with R as centre and RD as radius, describe an arc cutting FC produced 



A 




Fin. 111. — Arms of Fulleyn. 


in M. The length CM is equal to the are CD. In a similar manner, obtain the point N. Then twice 
the length MN is the. length of belt required. 

Pulleys made of cast iron are commonly used for comparatively low speeds, but this material is not 
sufficiently trustworthy or safe in the ease of high speeds. For such higli speeds the boss alone frequently 
is made of cast iron, the rim and arms are cither wrought iron or mild steel. Pulleys made in this manner 
have less weight than those of east iron and are more trustworthy. 

Arms of pulleys. The arms of pulleys when made of cast iron may b o. segmental as at A (Fig. Ill), 
elliptical as at B, or cross-shaped as shown in Fig. 114. TJie thickness t (Fig. Ill) is usually made |w. 
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When the arms are made of wrought iron the cross-section is circular, one end being 
made taper to fit a corresponding taper hole in the cast iron boss of the pulley. The other 
end fits into the rim, which is usually provided with a collar pressing against the rim, as 
in Pig. 112. 

By releasing the joint in the rim and also the four bolts at the centre, the pulley can 

be placed in position on the shaft The hole is made 
slightly smaller than the shaft, and the pulley is secured 
to the shaft by tightening the bolts in the boss. 

Example. Draw the wrought iron pulley 
(Fig. 112). Scale Make any necessary cor- 
rection in the right-hand view. 


Flange Puffqy 

OP 

Shrouded Rim. 


Rope Pulley 




Fig. 113 . 


Two flanges, 
This 
Some 


Fig. 114 . 


Rims of pulleys. The rim of a pulley for a flat 
belt may be either flat or convex . The convex rim 

tends to keep the belt in the middle of the pulley, 
as in Fig. 113, are sometimes provided for the same purpose, 
form of pulley is known as a flamjed pulley, or shrouded rim . 
forms of rims for various pulleys are shown in Figs. 112, 113, 114, 
115, and 11 G. 

Rim for rope pulley (Fig. 114). The rope lies in a semicircular 
groove. 

Example. Draw the section of the rim and arm for a rope 
pulley Fig. 114. Seale half size. 

* Rim for wire rope. To prevent injury to the rope and to the pulley, 
the rims of pulleys for wire ropes are made so wide that the rope does 
not press against the sides of the groove, but is merely in contact on the 
rounded bottom of the groove. To prevent the rapid wear of the cast 
iron, the bottom of the groove is lined with wood or, better, with 
leather. The leather is made in pieces of the shape of the notch and 
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hammered in When a wood lining is used, the pieces are inserted through an opening in the side of the 
rim, and when the lining is completed the opening is closed by using a metal plate and set screws, lhc 
form of rim is shown in big. I L. r >. 

Rim for chain pulley. In ditl'erential pulley blocks, in cranes, etc., in which chains are used, the rim is of 
the form shown in Fig. 116. 

Use of curved arms. Various practical methods are adopted to ensure uniformity of cooling during 
the process of easting a pulley. One plan is to uncover the thicker parts of the pulley- - such as those at or 
near the centre — and to leave the thinner portions' — such as the rim and arms -covered iu the sand. 

But even when this precaution is adopted, when the arms of the pulley arc straight the unequal 
eoolino', and in consequence unequal contraction, introduces unknown initial stresses in the material and 
tends to produce fracture— usually at or near the junction of the arm and the rim. 

When the arms are curved as in Fig. 117, the initial stresses arc lessened owing to the tendency of 
the arms to straighten during coming. Three forms of arms are shown in Fig. 117. They are known 
respectively as a stra'njht arm, as a air red arm, and as an S -armed pulley. The centres for the curves are 
(as indicated) obtained by using the .‘Hf and G0° set square. Tliis plan gives a mean centre a. As the width 
of the arm is slightly less near the rim than it is near the centre, two centres must he used; and these 

may he obtained by setting oil - half the thickness of the rim on each side of ti e mean centre. 

S-armed pulley. To obtain the mean centres for the curves, make CD = !jCB ; through D draw a line 
at 45° with CB, and Ca perpendicular, thus obtaining the mean centre. Bet off, as in the preceding case, 
distances on each side for the respective centres. The centre for the remaining portions of the curve is 
obtained ut E by drawing BE perpendicular to Da to meet aD produced iu E. 

Fast and loose pulleys. A common arrangement in a simp or factory is to drive direct from the 
engine one or more shafts called main. dneuaj or Luxe- shafts. r l hese, by means of pulleys and belts, give 
motion to smaller shafts called counter shafts placed in convenient positions at or near the machines to be 
driven. Any of these machines may require to be slopped at intervals, or restarted without in any manner 
disturbing the remainder. An arrangement of fast and loose pulleys is used for the purpose. This 

arrangement consists of two pulleys of equal size, one of which is fastened to the. counter shaft by means of 
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ft key or a set screw ; the other can rotate freely, but any motion in the direction of the length of the 
shaft is prevented by means of a collar as at C (Fig- 118). 

Example. Draw | size the two views of fast and loose pulleys (Fig. 118). 



Vic. 1 IK. — Flint and Ijoohp "PullryH. 


Speed cones. Speed cones arc used in machine tools and for many other purposes to drive a machine 
at different rates of speed. A counter shaft carries- -in addition to a fast and loose pulley arrangement— -a 
epeed cone (FV. 1 L ! » ) . This cone by means of a belt gives motion tp a similar cone placed on the machine 
and arranged ns indicated. The diameter of A -s 2 0 , and that of D is 1 0 V . The diameters of the two 
intermediate pulleys may be found by drawing a line from A to D. 

Example, (a) Draw the three views of the speed cones, Fig. 119. Scale \ full size. 

(b) If the axes of the two shafts are 15 feet apart, find the length of belt required. 

(c) If the upper speed cone makes 100 revolutions per minute, find the number of revolutions 
of the lower cone for all positions of tlffe belt. 
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Example. Draw the sectional elevation, end view, and a plan of the three speed ('one (Fig. /20). 
Scale l full size. 


Counter shaft. The general arrangement of fast and loose pulleys and speed cones may he. seen by 
reference to Fig. 121. The shaft carrying these is supported by two brackets fastened to pillars, or to 



Vm. 120. « Fi«. 1*21. 

t 

any convenient, support near the ceiling of the shop. Endlong motion of the shaft is prevented by two 
collars, CC, fixed to the shaft on the outside of each bracket.. 

The belt is shifted from the fast to tin- loose- pulley, or conversely, by means of a belt fork . This 
fork is fixed to a flat bar, called a. sfrikuo/ bar , carried b; two supports attached to the brackets. The 
belt fork and striking bar to which it is fastened can be moved to the right or left by means of the 



V.] 


BELT AND ROPE PULLEYS 


91 , 

cords and pulleys shown in Fig. 121. Suitable stops, S, S, prevent the striking bar from being moved 
too far in either direction. 

Rope pulleys. Flat belts arc*, not suitable for the main driving pulleys in large engineering or other 
works on account of the tendency to slip, and also the liability to total stoppage in the ease of a breakdown. 
Spur gearing may be used, but rope driving offers many advantages over (‘it her belts or spur gearing. 



Formerly the ropes used were made from JVlanilla or Russian hemp, but coll on is used now invariably. 
Tin*- ropes vary in diameter from -^ rf lb The pulleys are usually of cast iron, and the rims grooved to 

suit; the ropes. 

One form of the rim is shown in Fig. 122. It will be noticed that the rope rests on the sides of 
the groove and not on the bottom. The diameter of the pulley list'd is generally not less than 30 times the 
diameter of the rope, and the horizontal distance between the pulleys not less than 20 feet, but may be 
100 feet. The driving side of the rope should be on the lower part of the pulleys and the slack side above. 
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The speed of the rope varies considerably. Speeds of 2000 ft. per minute are sometimes used, but 
the usual speed is about 4000 ft. per minute. The number of grooves in the rim depends upon the 
power to be transmitted. When this power is considerable, the number may be GO in the case of engines 
developing upwards of 4000 h.i\ 

The width of the pulley face can lie found by multiplying the number of grooves by the pitch and 
adding to the product the. thickness of the outer flanges. 

Example, Draw, to a scale of \ full size, a sectional elevation and end view of the rope pulley 
(Fig. 1 22). Diameter of pulley, 3 ft. 9 in. 

Example. Draw half size the two views of a curved arm split pulley (Fig. 123). 


EXERCISES. V. 

1. (Jive any reasons you can why the rims and arms of cast iron pulleys are often curved. What 
are the objections to straight armed pulleys and how arc these overcome? 

2. Show, by sketches, an arrangement of fast and loose pulleys. In what circumstances would such an 
arrangement be used ? 

3. Show the cross sections of two forms of arms used for cast iron pulleys. 

4. Show, by sketches, the construction of a speed or stepped cone pulley, giving an example where 
such a pulley is used. 

5. Sketch and describe three distinct ways by which a flat belt may be retained on the surface of 
a pulley when running. [B.E. | 

G. Show, by sketches, the construction of a belt-pulley having a light malleable metal rim, and made 

in such a way that it may be fixed to the shaft without threading it over -the end. [B.E.] 

7. With the aid of a graphical construction determine the length of a crossed belt required to embrace 

either of two pairs of pulleys which are mounted on parallel shafts 3' G" apart. The smaller pulley on each 

shaft is S" diameter and the velocity ratio at the higher speed is to be four times that at tbe lower speed. 
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8. A shaft running at 100 revolutions per minute drives another l>y a leather belt. The pulley on 
first shaft is 18" diameter; the pulley on the seeond shaft is 30" diameter. Sketch the arrangement and 
find the speed of the second shaft. If the same, bell is to drive the seeond shaft at 40 revolutions per 
minute, find tin; diameters of the two pulleys. 

9. Sketch in section the rims of pulleys suitable tor (i) leather belting, (2) cotton rope gearing, 
(3) wire rope. 

101 Show, by sketehes, the construction of a split pulley for a line of shafting, explaining how the 
pulley is secured to the shaft. 

11. The section of the rim of a pulley, 21 in. diameter, is given (Fig. 114). The boss is G in. 
diameter and in. long bored out to 3 in. diameter. It has six arms of the cross section shown. Draw 
complete section and elevation. Scale 

12. A pulley, 5 ft. diameter, rotating at 120 revolutions per minute, is connected by a belt to a 
pulley, 2 ft. diameter, on a main shaft. On the main shaft a pulley, 3 ft. diameter, transmits motion by 
means of a belt to one of l ft. 9 in. diameter on a counter-shaft. On the counter-shaft are speed cones, 
the largest and smallest diameters being respectively 12 in. and 6 in.; these drive a corresponding set of 
speed cones on the spindle of a lathe. Find the highest and lowest speeds at which the lathe can rotate. 
Sketch the arrangement. 

13. A fly-wheel, 6 ft. diameter, revolves 150 times per minute; find the speed of the rim in feet 

per second. A belt connects the fly-wheel to a pulley, 2 ft. G in. diameter, on another shaft. If the slip 

of the belt is 2 per cent., lind the speed of the driven shaft. 

14. The speeds of a driving pulley and the follower are 140 and 80 revolutions per minute respec- 
tively, and the sum of their diameters is 60 in. Find the diameters of the driver and follower. 



CHAPTER VI. 


WHEELS. 

Linear and angular velocity. If two cylinders, A and B (Fig. 124), the axes of which are parallel, are 
pressed lightly in contact, then when one rotates the adhesion of tin*, surfaces will cause rotation of the 
other. If no slipping occurs, the surface of one will move at the same speed as that of the other. This 




surface speed is called linear velocity , and is usually estimated by the number of feet moved through in a 
unit of time by a point in the rim. 

Angular velocity. Another method of estimating the speed is by angular velocity . Thus, in one 
rotation, the angle moved through by any lmdiuw, such as CB, would be 360° or 2 tt radians. A radian 
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indicates ail angle such that/ the length of the. are, AB (Fig. 125) is eijual to the. radius AC. That is to 
say the angle ACB is 18()' -^7r or 57 *3. 

The relation between linear and angular velocity is given by 

V — OT (1) 


where v is the velocity of B in feet per second, 
denotes the angular velocity in radians per second. 

If the two cylinders arc of* c<jual size, they will 
each make the same number of turns in the unit of 
time. If one cylinder is twice as large as the other, 
the smaller cylinder will make two revolutions whilst 
the larger makes one. If onf cylinder is three times 
the size of the other, then one will make three revolu- 
tions whilst t lie other makes one, and so on. Those 
facts may he expressed readily by using symbols. Jf 
n revolutions are made in unit time*, then a>=27rn. 

Also, from (1), v = 27rnr. Thus, . 

N 7 2 7TP 

From this result it is seen easily that for the 
same surface speed, as r increases n diminishes. 
Thus if r is doubled, n is one-half its previous value. 

Example. A cylinder G ft. diameter 
makes 30 revolutions per second. What is 
its angular velocity? Also what is the linear 
speed of a point in its rim ? 

Here — G0*n r radians 

v = o) r = 3G0tt ft. per sec. 


the distance in feet of B from the centre C, and at 



Fin. 126 . —Friction Clutch. 


Friction clutches. The arrangement, illustrated 

in Tig. 124 is used in modified forms in so-called friction grips or clutches, one of which is shown in Fig. 126. 
A is the driving shaft on which a friction clutch is mounted, , rotating with the shaft but by means of a 



96 


MACHINE CONSTRUCTION 


[chap, 


suitable lever operating in the groove G, the clutch can be moved backwards or forwards along the shaft. 
When ill this manner the two inclined surfaces of C and D are pressed tightly together, rotation of A will 
ensure rotation of B, and B will remain at rest when the dutch C is not in contact. 

Examjth 9 . Draw the sectional elevation of the friction clutch shown in Fig. 126. Draw also a 

plan and an end view. Scale half size. 

Teeth of wheels. The method shown in Fig. 124, although useful for many purposes, such as friction 
wheels, etc., is not always suitable for the transmission of force, for even when the two surfaces are pressed 
together resistances to motion may produce slipping. In order to prevent slipping, projections called teeth 
arc provided on each cylinder, and by this means the rotation of one shaft can be transmitted with accuracy 
to the other, the motion being the same as if two cylinders were in contact. These cylindrical surfaces 
are called pitch surfaces, and the two circles representing the circumferences of the cylinders are the 
pitch circles of the wheels. Such circles are always assumed to jexist in every pair of wheels in gear, and 
it is important in wheels gearing together so to shape the teeth that the pitch circles will just touch each 
other without any slipping. 

The length of the line or arc joining the centres of two consecutive teeth, as AC (Fig. 128), is called the 
pitch of the teeth , or simply the pitch . The various parts of the tooth of a wheel are expressed in terms 
of the pitch. The distance the tooth projects above the pitch circle is called the face, the distance below 

the fia,nl\ The thickness of the tooth, which is measured on the pitch circle, may be denoted by T, the 

width of the space by S, and the thickness of the rim by R (Fig. 127). All these quantities are expressed 
in terms of the pitch, and therefore are found easily when the pitch p is known. The following 
proportions represent fairly average values: 

H = height of tooth above pitch circle = 0*!) p. 

D = depth. „ behrtv ;} * - 0*4 p. 

T = thickness of tooth =0*48 p. 

S = width of space ~0 # 52 p. 

R = thickness of rim =0*48 p. 

Other proportional numbers are giveu in Fig. 128. 
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Proportions not, <juite so exact/ as the preceding arc as follows: Divide the pitch into 15 parts (Fig. 
127), and take 8 for the width of space S, 7 for T; also make H = 5 and D — (5 of the parts respectively. 



Fig, 127. 


C.M.C. 


G 
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When the teeth are made accurately, as in machine moulded wheels and also in machine cut teeth, the 
above proportions may be modified, i.e. the thickness T may be increased slightly and the width of space 
S diminished slightly. 

For more detailed information reference should be made to works dealing with the subject. 

The beginner should notice carefully that the fractional parts of the pitch denoted by T and S are, 
when added together, equal to p. 

The proportions which may be adopted for the arms of a wheel can also be expressed in terms of p, 
as in Fig. 128. 

It will be found to be a good plan to make drawings of wheel teeth on cardboard or sheet zinc, and 
afterwards to cut these but as carefully as possible. Then, by placing them in gear, the student is enabled 
to test the accuracy of his work. 

It will be obvious from the preceding definition of pitch that the number of teeth in a wheel 
multiplied by the pitch will give the circumference of the pitch circle. But this circumference is also the 
diameter of the pitch circle multiplied by 7 r. Hence, we have the relation, 

Diameter of pitch circle x nr = Number of teeth x pitch, 


7rd = np. 


where d denotes diameter, n the number of teeth, and p the pitch. 

From this relation, when any two of the three terms n, p, and d are given, the remaining term may 

22 

be obtained. The value of tt is usually taken to be ~ or 3T416. The former value is in many cases 

sufficiently accurate, and the latter when expressed in the form 3*142 is very convenient for use with 
fou r -fig u re logari th m s. 


Example 1 . A wheel has 30 teeth of J f pitch. Find flic diameter of the pitch circle. 

d _ 30 x 2 

7T 

Tog d log GO — log 7r = ] *28 1 0 ; 
d— 19*1 inches 
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Exam/tlr 2. The pitch of the teeth of a wheel is to be ?>" and the diameter of its pitch 

circle as nearly as possible equal to 4 ft. Find the number of teeth. 

48 x Ti- 

n =- - =1 07 t, 

log n = log 16 + log 7r= I *7 0 1 % ; 

. \ n — 50 "27. 


It is obvious that there cannot be a fractional part of a tooth in a wheel. lienee we may take 
50 as the. nearest whole number for the number of teeth, and calculate the diameter thus: 

_ 50 x_3 1 50 

7T 7 T ’ 

log d = log 150 — log 7 r ~ 1 *(‘>789 j 
d = 47"74. 


Rack. The circumference of a circle approaches nearer and near or to a straight lino as the radius of 
tin* circle is increased. When the radius is considered to lx*, infinitely long, the pitch circle becomes a 
straight line, the proportions adopted for the teutli obviously remain unaltered. 


Wheels and pinions. When two wheels of unequal size are in gear, the larger is usually known as a 
wheel and the smaller as a. jntntm. 

In Fig. 128 the elevation and section of a spur wheel and pinion in gear is shown. The wheel has 30 
teeth of 2" pitch and the pinion 15 teeth of 2" pitch. 


The diameter of the pitch circle of the wheel is given by d 


30 x 2 


= 19 1 . 


The diameter of the pitch circle of the pinion = = 9 /f# 55. 

Draw a circle I9"*l diameter and divide tin*, circumference into 30 ccpial parts. To obtain the 
proportions for the teeth, draw a line AB equal to the pitch ‘and divide this, as in Fig. 127, into 15 equal 
parts. Make the thickness of the tooth 7 of these parts, width of the space 8, the distance H = 5 
and D -- 0 parts. 
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The curves for the teeth are usually drawn with centres on the pitch circle and a radius equal to the 
pitch. The flanks of the pinion may he made radial, i.c. drawn to the centre of the pitch circle. 

Example. Draw the given wheel and pinion (Fig. 128). Scale half full size. 

Forms of the teeth. It is beyond the scope of a hook of this kind to enter fully into the shapes 

which are adopted for the curved portions of the tooth of wheels. The form adopted may he that of 

a cycloid. Such a curve is formed by a point in the periphery of a cylinder or disc rolling on a horizontal 

surface ; it is called an epicycloid when the disc referred to rolls on the outside of a fixed circle and a 

hypocycloid when it rolls on the inside. The disc is usually called the rolliny circle. 

it is instructive to obtain these curves not only by the usual geometrical methods but also experi- 
mentally. Thus, a sector of a circle representing a portion of the pitch circle may be made from a piece 
of thin wood, sheet zinc, etc-., and the rolling circles may consist of small discs of' wood or other material. 

A convenient method is as follows: Draw the circle representing the pitch circle of a wheel; draw on 
a piece of trading paper a smaller or rolling circle ; make a mark on t he circumference of the, pitch circle 
and a corresponding mark on the tracing paper ; put the two circles touching each other with the marks 
coincident; then, inserting a pricker, or the needle point of a pair of dividers, roll the smaller circle on 
the larger one, marking successive positions of the point. In this manner the two curves forming the 

upper part or /dec, and the lower part or flank of a tooth may be obtained. 1 

Rolling circle. The diameter of the rolling circle is usually made equal to twice the pitch. An 
exception to this rule is furnished by a set of change wheels for a lathe, in which the Hanks of the 
smallest wheel in the set are made radial , i.c. the diameter of the rolling circle is made equal to the radius 
of the pitch circle of the smallest wheel of the set. 

Conventional methods. In working drawings it is customary to draw the pitch circle, or pitch circles, 
and to write on the drawing the necessary particulars, such as number of teeth, pitch, etc. Ur two or 
more teeth and the arms, boss and shaft may be shown. 

Spur and bevel wheelB. When the axes of two shafts are parallel and a suitable distance apart, they 

may be connected -by spur wheels. When the axes meet at an angle, herd wheels are used. The pitch 

surfaces in the first case are cylinders, those of the latter are cones and are called pitch cones (Fig. 129). 

ir Fhe curve traced out by the end of a piece of flexible string unwound from a circle and kept tight, is called an involute , 
and is usually better adapted than curves of a cycloidal form. » 
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In drawing bevel wheels, a conventional method frequently adopted is to draw — as in Fig. 129 


C 



portions of the two pitch cones and to write on the drawing the number of teeth, pitch, and any other 
necessary information. 

Another method is to draw the wheels in section ; only two teeth, drawn hi elevation, are shown 
and any necessary data not indicated by the drawing may be written on it. 
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Mitre wheels. When the two bevel wheels which gear together are of equal size, they are called 
mitre V'heds, and the ]>lteh cones of the wheels can be Known when the diameters of the pitch circles ol 
the wheels arc known. In this instance, as in the case of two wheels of unequal size, the diameter ol 
the pitch circle of cither wheel can be obtained when the number of teeth ami the pitch of the teeth 
arc given. The simple necessary calculation may be seen from the following case of two unequal wheels. 


Exaftiple. (a) Draw the projection of two bevel wheels having 20 and 36 teeth respectively. 
\\ ff pitch. (/>) Draw a sectional elevation and end view of the smaller wheel and show the develop- 
ment of one tooth. Width of face 2\”. 

From the relation x x diameter = No, of teeth x pitch 

3 6 x I i 

we have, diameter of large wheel**- L4"*32, 

7T 


diameter of smaller wheel ~ * 4 = 7"*96. 


(«) These wheels would in many cases be shown in a conventional manner, as in Fig, 129. (I). Two lines, 

AB and AC, are drawn at right angles to each other; AC is made equal to 7"'9G, the diameter of the 
smaller; and AB equal to 14*32", the diameter of the larger wheel. The centre lines meeting at V are next 
drawn. Join C, A, and B to V ; then VCA, and VAB will represent the pitch cones of the two wheels. 
Mark off CD equal to the width of face, and the conventional drawing may be completed as shown. In 
addition, lines roughly indicating the teeth may be drawn, as shown. 

(h) The two wheels may be shown in section as in Fig. 129. To draw the development of one tooth 

we may proceed as follows : 

* 

Obtain V the common vertex of the two cones* as iu the preceding drawing, and join C, A, and B to V. 
Draw a line CO at right angles to CV and meeting VE produced in O. With O as centre and CO as 

radius, describe an are of a circle denoting the pitch circle of the pinion. Set up the height H and 

depth D of the tooth. With O as centre obtain the points M and N ; draw a line from M to centre V, 
and cut off a distance ML = width of face = 2^" Complete the sections of the. wheel and pinion using 
the dimensions given. Scale full size. # 
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Skew bevel wheels. It will bo obvious that when tin*, axes of the two shafts, as in Fig. 129, moot at 
a point, one shaft may be of any desired length in either direction, but the other must terminate before 
it reaches the common centre V. 

Til many cases, to provide suitable bearing surfaces and for other purposes, it is necessary that both 
shafts shall be made to pass each other, and what are culled skew berels are. used, in which the centre line, 
or axis of each shaft, docs not when produced pass through a point V but on one side of it. 

Familiar examples of wheels ot this kind are to be found in il Engineers’ drills,” etc. 

Arms of wheels. The shape adopted for the arms of a wheel depends chiefly upon its size. For small 



Km. m — -Sivtions ot Arms of WhorK 



Fid. 131. — Rims of Mortiao Wheels 


wheels, the cross section may be an ellipse, or a cross, as at I and II (Fig. 130). For large and heavy wheels, 

a double tec shape as at III, and for bevel wheels, a tee form shown at IV may be used. 

Mortise wheels. The noise and vibration caused by two wheels in gear, when rotating rapidly, is 
considerably diminished when one of the. wheels is provided with wooden teeth, and the wheel is then 

known as a mortise v'lieel. In addition, the wear chiefly occurs on the, wooden teeth and the teeth can 

be replaced readily when worn. Such a wheel, usually made, of cast iron, is cast with a series of rectangular 
holes in the rim; in 1 o cacti of these openings wnodefl blocks are fitted tightly, and in addition usually 
fastened by mentis of pins passing through cacti tooth on the under side of the rim (as at V, Fig. 131), 

or wooden wedges (as at VI, Fig. 131) arc inserted for the same purpose. The form of rim for a mortise 

bevel wheel is shown at VII, Fig. 132. 

When the wooden blocks are fitted to the rim, the wheel is put into the lathe and the blocks machined 

on the face and edges. Finally the blocks are^ cut to the xeejuired shape either by hand or machinery. 
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Shrouded wheels. Tn small wheels, such as in the pinions, used in cranes, etc., the width of the 
rim is frequently made wider than the teeth and of a .size to reach to the full height or half the height 


Mortice YU 




of the tooth on one or both sides of a tooth (Fig. ! 33). This plan is called ^hnmdnuj, the object- being to 
strengthen the teeth. 


EXERCISES. VI. 

1. What is the meaning of the terms pitch, breadth of face, thickness of tooth, pitch circle, pitch 

line, rim, arm, and boss as applied in toothed gearing ? 

2. A spur wheel 1ms teeth of 3 inches pitch. Sketch a tooth and mark on it the thickness at the 
pitch line, and the height above and depth below the pitch line. Wlmt names are given to these distances? 

3. Show by a sketch what is meant by the clearance of wheel teeth. 

4. (live sketches of a mortise open wheel showing the form of the rim and of the teeth, and the 

method of fixing the latter. In what circumstances would mortise wheels be used ? 

5. Two shafts intersect at right angles and are connected by bevel wheels with 22 and 44 teeth 
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respectively of 1" pitch. Draw the pitch surfaces of the wheels, and find the development of the conical 
surfaces on which the shapes of the ends of the teeth are set out. 

6. Sketch in section a pair of bevel wheels in gear with one another. The centre lines of the shafts 
and the pitch surfaces arc to he shown. 

7. Two bevel wheels connecting shafts at right angles have respectively 12 and 30 teeth, the pitch 
being 2". The width of face is 4". Set out the pitch surfaces of the wheels. Show also the development of 
one tooth of the smaller wheel, the Hanks being radial and the diameter of the rolling circle for the face 
equal to twice the pitch. [B.E.] 

8. Draw to scale, full size, one tooth of a pinion which has 12 teeth of 2^" pitch, the rolling or 
describing circles for the teeth being 4*3 times the diameter. 

9. A spur wheel has a pitch circle 30 inches diameter with pitch of teeth 2 inches. Sketch a suit- 
able tooth for this, and insert all the necessary dimensions. 

10. Make a sketch of 4 teeth for a rack, 3" pitch. Write on your sketch the various dimensions. 

11. Write down ordinary proportions, in terms of the pitch, for the teeth of wheels. Set out to scale 
the correct form of a tooth for a spur pinion of 10 teeth 2" pitch, the rolling circle being such as to give 
radial Hanks. 

12. Set out; to scale a cycloid, the diameter of the rolling circle being 2". Draw one tooth of a rack, 

\ n pitch, the faces and flanks of the teeth being portions of the above cycloid. 

13. Draw full size, two views of one tooth of a mitre wheel of 16 teeth, lj" pitch, 2^" broad, the size 

of the rolling circle being such that the teeth have radial flanks. 

14. Describe bow the parts of a large spur wheel arc put together, and explain why the wheel is 
made in segments. 

15. Describe the construction of a mortise spur wheel. (a) In what circumstances can such a wheel 
be used with advantage? ( b ) What kind of wood is used for the teeth? (c) Describe the process of recog- 
ging such a wheel. 

16. A pinion of 12 teeth, 2" pitch, gears with a rack. Draw, full size, one tooth of the pinion and the 

rack, the rolling circle to be such as to give radial flanks to the teeth of the pinion. 
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17. Sketch mid describe the construction of a gearing chain and toothed pulley, (live two examples < 
such a gear, pointing out the special advantages leading to its adoption. 




IdO teetlv. 4" pitch/. 20" J 9 dimnctvr. 


Fra. 184. 


18. A segment of a large spur wheel is shown in Fig. 184, the portion shown may be drawn straigl: 
instead of curved. locale [B.E.] 



CHAPTER VII. 

BEARINGS. 

Bearings. All rotating shafts and bearings require to bo supported at various places along their 
lengths. These supports <. r brnrimj. s*, in the case of a spindle or shaft which rotates slowly or intermittently, 


M 



Fkj. Ktf>. — Small Braokot.. 


may be of simple form. A simple form of bearing may consist of some kind of cast-iron bracket in which 
a hole is bored to lit. the shaft. Such brackets are made in a variety of forms depending upon the purpose 
for which they are intended. A simple bracket, B, which may be fastened to one side of a machine, M, by 
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means of the tap holts indicated, is shown in Fig. 135. The liole is bored* to fit the shaft, and there is no 
adjustment for wear. 

Example. Draw the two views of a. simple bracket (Fig. 135). Seale full size. 


Another form of bracket is shown in Fig. L3 (>. In this ease, tin*, hole in the bracket is made larger 
than the shaft, and tin' space between tin* bracket- and tin* shaft is 


tilled by a brass cylinder. The outside of the brass bush is made to 
tit the hole in the bracket tightly, and the inside is bored to fit the 
shaft. A small screw, having one half its diameter in the bracket 
and the other half in the bush, is usually inserted to prevent rota- 
tion of the bush. ' 

111 this arrangement not only is the friction between the shaft 
and its bearing reduced by the use of the softer metal, but, in addi 
tion, the bush, when worn, can be readily replaced. 

Example. Draw the. t wo views of the bracket (Fig. I 3(5). 

Scale full size. Also draw an end view. 



Pedestal. When a brass bush, as in Fig. 137, is made in two 
parts and means provided so that, as wear takes place, the two parts 
can he drawn closer together, we obtain an arrangement in which 
compensation for wear can be made. The pedestal, or plummet' block , 
one form of which is shown in Fig. 137, consists of a cast-iron 
block, B, and a east-iron cap, C, made to fit the block. Two 

brass steps, S, arc fitted to the block, the parts on the steps 
marked a, a, fit the , corresponding parts on the block, and the halves 
of the steps can be drawn together by means of two bolts, one of which is shown at b. These bolts 
pass through two boles in the pedestal and cap as shown. 

The holes both in the block and the cap are somewhat larger than the diameter of the bolt as shown 
in Fig. 137. This allows for slight irregularities in the casting. In a similar manner, the square head 
of the bolt fits somewhat loosely a corresponding hole in tlje block. 



Fio. 1 3(i. — Bracket. 
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Example, Draw the details of the pedestal (Fig. 137). Also draw a sectional elevation, end 
view and plan, with all the details inserted in place in the pedestal and showing the pedestal on 
the wall plate (Fig. 138). Bolts, -J" diameter. Scale, (i" 1'. 



Fir.. 138. — Wall Plato. 


Hangers. When a shaft is supported from the ceiling of a room, the bearing may take the form shown 
in Fig. 139. In this arrangement, a suitable cavity is provided, in the central part of the hanger, into which 
one of the brass steps is fitted. The other step is fitted to the cap, and the whole bolted together. 

Various methods • arc in use to prevent the rotation of the steps, or brasses. Thus, the parts of the 
steps which are made to fit corresponding parts of the hanger and cap may be made octagonal, rectangular, 
or circular in form. * The first is indicated in Fig. 137. When of a 'circular form a suitable stop is provided 
to prevent rotation. 

It is only possible to refer to a few of the many kinds of hangers, or brackets, in gene ™ 1 * 
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instead of the pedestal base being bent round and upwards and fastened on both sides to the ceiling, as 
in Fig. 139, it may be fastened on one side only and is then known as a llamjhnj Bracket. 

Example. Draw the two views of the hanger. Scale \ ff to l'. (Fig. 139.) 



A form usually fastened to one side of a pillar and known as a Pillar Bracket is shown in Fig. 140. 
‘mother form known as a Wall Bracket , used for supporting a horizontal shaft parallel to. and at some 
•' from, a wall is shown in Fig. 141. 

"ample. Draw the two views of 1 the bracket (Fig. 140 ). Scale 6" to 1'. , 
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E.mr)iple. Draw the two views of the hanger shown (Fig. 141). Make any necessary corrections 
in the end view. Seale G" to l'. A 


Example. A pedestal suitable for this hanger is 
shown in Tig. 14:2. Draw this to scale G" 1o 1', putting 
all the details into their places in the pedestal, and showing 
the pedestal in position on the hanger. 

Electric motor bearing. The hearings of motors which have 
to run at high speeds are made, in various forms. One is shown 
in Fig. 14G. The hearing is 4 diameters in length, and is 
supported in a spherical shell. This method allows the shaft 
to adjust, itself, if for any cause it is deviated from its horizontal 





Fig. 142. 




Soft Metal 

shaft, the* lower por- 
tions dipping .into 
the oil. These wash- 
ers are carried round 
by the shaft during 
its rotation, and 
form an efficient 
lubricator. A smal 1 
screw, at T, enables 
the lubricating oil 
to be drawn off 
when necessary. 

Example . Draw 
the three views of 
the motor bearing 
(Fig. 143). Scale * 
full size. In pro- 
jecting the three 
views shown, make 
any corrections that 



•if 


—■I 


Detail oF Bearing 



Fm. 148 . — Klecstric Motor 
Bearing. 
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Footstep. When a 
bearing is shown in Fig 


When a shaft is vertical, what is called a footstep bearing is used. One form of such a 
m in Fig. 145, and consists of a cast-iron block, B, into which a brass bush, b, is fitted. 

The middle portion is 

| ! usually recessed, as 

^/%%7/yys shown,, and the bush 

^ y.J , and the block are in 

« i* 1 x I j 1 contact for a short 

(T~^H — distance only at each 
— +* 1 3 ft-4 v end. In this manner 

g ^.. 4 b'. 1 „ it is necessary to 

3 " i machine the block 

• ^ ^ and the bush to fit 

/_ IjiiTi rf^n rnrhDJ- 1 ° n ^y timmgh two 

T 3/ 4 - 4 \\U short distances at 

■- _p H " ti;" 

length. The shaft 

I ; B rests upon a steel 




Fig. 145. — Footstep Boaiing. 
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washer, S. This washer may he replaced readily when worn. The rotation of the washer is prevented by 
means of a small steel pin of h" diameter. 

The bush, as indicated at C, is hollowed out to receive and to retain the oil used for lubrication. The 
block, B, and the base plate, P, on which it rests, are doth provided with chipping strips, and the elongated 
holes allow for adjustment. When the adjustment has been made, wooden blocks are inserted between the 
ends of the block and between the projections on the base plate. The perspective view is only inserted 
to show the relations of the parts B, C, and P. 

Example . Draw and complete the two views of a footstep bearing (Dig. 145). Also draw an 
end view. Scale (>" to 1' Make any necessary corrections in the plan. 

Ball bearings, in ball bearings a number of hard and accurately formed steel balls are made to run 
in suitable channels. The radius of the section of such a channel is about two-tliirds the diameter of the ball. 
Such bearings can carry comparatively heavy loads, and the friction is much less than in the forms of 
bearings already described. The wear of the balls and the friction is very small. One form of such a 
bearing is shown in Fig. DIG. 1 

Example . Draw the two views of the ball bearing (Fig. 140). Scale 6 r/ to l'. 


EXERCISES. VII. 

1. Sketch the brasses for a bearing, and show how they are prevented from turning in the pedestal. [B.E.] 

2. Sketch one form of hanger suitable for supporting mill shafting. [B.E.] 

3. A length of shafting is to be carried through a ( brick wall. .Sketch a suitable wall box for the pur- 
pose of supporting the shaft. AVhat is the object in rising chipping or facing strips? 

4. Make a sketch of a simple form of bearing for supporting shafting. Show how the brass bush is 
prevented from turning. Describe some form of automatic lubricator which will give a regular supply of 
oil to the bearing. Explain its action and point out any special advantage which it may possess. 

1 llopkiubon, “ Electric Lighting Woik*,” Proc. Itmt. Mich. Eiv/., July 1804. 
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5. Sketch and give a description of a bearing suitable for a shaft working under water. State one or 
two cases in which such a bearing would be used. 

6. Sketch two views of a swivel bearing, and state any. advantage of this bearing. 
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7. Sketch and explain the construction of any form of thrust bearing, showing how provision is made 


for lubrication. 

8. Sketch and describe a form of bearing 
suitable for the crank shaft of a horizontal engine, 
complete provision being made for adjustment. 

9. Explain by the aid of sketches a • method 
of automatically lubricating : (i) a pedestal for a 
line shaft ; (ii) the end of a small connecting rod ; 
(iii) a footstep bearing. 

10. Sketch a- footstep bearing suitable for a 
vertical shaft. Mark on the sketch the materials 
employed for the various parts. 

11. Show, by sketches, a wall bracket. Show 
how such a bracket may be attached to the wall 
of a workshop. 

12. Tt is required to extend a length of shafting 
through a brick wall and support it by means of 
the wall. With the aid of sketches describe any 
suitable form of wall box. 

18. Show the construction of a crank shaft 
bearing, provided with means of adjustment for 
horizontal and vertical wear. [B.E.] 



Fia. 148. — Small Bracket. 


14. Details of a hanger and wall plate are 

given (Fig. 147). Do not draw these details separately, but in their respective positions when in place 
fastened to a brick wall 1 4" thick. Seale 

15. Small bracket. Draw the two views shown (Fig. 148), also draw a plan. Scale full size. 
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16. Wall box. 


Complete the two views shown (Fig. 14ti). Scale 3" to l'. [B.E.] 


Wall Box, 



Fto. ’ *0 —Wall Box 
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19. Side-pedestal. Elevutioii and plan of a 2" side-pedestal are given in Fig. 152. Draw these to scale 




















CHAPTER Vlll. 


PIPES AND PIPE JOINTS. 

Pipes and pipe joints. The materials used for pipes include east iron, wrought iron, steel, brass, copper, 
and lead. For convenience in manufacture and in handling, a long length of piping is usually composed 
of a series of comparatively short lengths, and these separate lengths are fastened together by various 
kinds of joints. The joint used in any case depends not only on the material but also on the purpose 
for which the pipe is to be used. 

Cast-iron pipes are made easily and cheaply to any desired form ; they are made usually in lengths 
of from 8 to. 112 feet. Two forms of joint in general use are the flange -joint and the socket and spigot . 
The flange-joint is stronger and easier to connect or disconnect than the socket and spigot, but the 
flexibility in the latter form of joint makes it suitable for pipes kid in the ground in which changes of 
level may occur owing to unequal settlement of the soil, etc. 

Wrought iron pipes arc used to convey gas, water, and steam. They are obtainable from to 4" 
internal diameter; the separate lengths may be fastened together by means of one of the joints shown in 
Fig. 159. 

Steel is generally used for ordinary and high pressure steam pipes, the longitudinal joint being lap- 
welded. The plates are not less than and are usually thick with rivets. Cast steel is frequently 
used for bends and elbows but copper is better and is used in marine and in the best w r ork. r !he flanges for 
copper pipes usually consist of hard brass and are brazed to the pipe. 

Fig. 156 shows an ‘ordinary form of flange-joint. The ends of the pipes are usually machined in a lathe, 
and for this purpose a facing, as shown, may be provided. This facing is usually about to in thickness 
and about wide/ The joint is made by inserting a ring of india-rubber, millboard, or brown paper 
smeared with red lead, the flanges being forced together finally by means of bolts or studs. In the former 
case a portion of the bolt close to the bolt head is made* square and is made to fit a corresponding 
c.m.c. i 
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in the flange eon.ewhnt 1oo«ly, Ike object being to prevent the relation of tl,e bolt during the 
of screwing, or unscrewing, tlic nuts. 

I 



Example. Draw full size the sectional elevation and end view of a flange-joint (Fig. 156). 
Example. Draw full size the sectional elevation of the pipe joint (Fig. 157). Also draw an 
ciul view. • 
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Pipe Joint 



Socket and spigot. In this form of joint 
one pipe is made to enter the other for a short 
distance as at 1 (Fig. 158). The joint is made 
by threading several turns of rope or spun yarn 
and by pouring molten lead in the space pro* 
vided between the two flanges. The lead, when 
sufficiently cooled, may be stemmed in tightly 
with a hammer and chisel. 

Another form of joint is shown at II 
(Fig. 158), in which a facing about wide is 
made slightly taper and to tit a corresponding 
facing in the socket end. The joint is made 
by smearing the surfaces in contact with red 
lead and forcing them together. 



Fiu. 157.— Pipe Joint. 


Fig. 158.— Socket awl Spigot Joint. 
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Wrought-iron pipes. In wrought-iron pipes of comparatively small size the joint may be made by 
screwing what is called a conplhnj, shown at C (Fig. 159), on the. end of one pipe A and screwing the 
other into it. In some eases it is important' that the surface of the pipe shall be free from projections, 
and a nipple N (Fig. 159) may be used. The ends of the pipes are screwed on to the nipple until they 
meet at the centre. The objection to this form of joint is that when the pipe is used to convey water or 



other fluid the projecting surface of the nipple may cause a partial stoppage. For pipes of larger size a 

cast-iron flange may he riveted on to the end of each pipe. 

Union joint. A ' union joint is a very useful and handy joint for steam or other pipes of comparatively: 

small size, since it is easily connected or disconnected and makes a steam-tight joint. 

The two parts, A and B, (Fig. 1 (JO) are screwed to the end of the pipes ; the part A is coned and 
ground to fit accurately a corresponding incliped surface on B. A hollow hexagonal nut N is slipped over 
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the part A and fits an external screw on B. The two cone surfaces may be drawn tightly together by 
rotating the nut N, thus forming a steam or water-tight joint. 

Example. Draw full size the two views of the union joint (Fig. 1G0). Also draw a plan. 

Lead pipes. The joints used in lead pipes are generally cither a wiped joint (Fig. 1(51) or a blown joint (Fig. 162). 
In the wiped joint the end of one pipe is opened, or tamped out, and the end of the other rasped to a sharp edge. 



Fig. 161. — “Wiped Joint” for Load Pipes. 



The pipes are fitted together and the two ends shaved bright for a distance of about li in. Molten solder is poured 
on the joint and the joint wiped with a piece of greased cloth ; the solder adheres to the bright surface and forms 
a sharp line round the pipe. The arrow denotes the direction of the flow. 

In a blown joint tlie end of one pipe is enlarged to receive the end of the other and the joint is made 
by using a blow-pipe .. 

Hydraulic pipe joint The joints already described would be entirely useless for the pipes conveying 
water at high pressure necessary in hydraulic work. Thus, fof general hydraulic purposes, the pressure of 
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the water may l>c 700 lbs. per square inch and in the ease of machine tools may reach 1500 lbs. per 
eq. in. One form of joint which is suitable for cast-iron pipes is shown in Fig. 103. 



Fkj. 1 6n. — Hydraulic Pijm Joint. 


At the end of each pipe there is a strong elliptical flange with two bolt holes. One pipe enters the other 
for a short distance, forming a dove-tailed recess, and the joint is made by a gutta-percha ring \ ff diameter. 

4 Kxamj)h\ )>raw the sectional elevation and end view of the hydraulic pipe joint (Fig. 163). 

Scale 6 ;/ to l f . Also draw a plan. 

The preceding arrangement is modified in the ease of wrought iron or steel tubes which are used to 
supply water to machine tools. The ends of the pipes arc screwed to a gas thread and elliptical cast-iron 
‘flanges arc screwed on. r 
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Example. Draw the two views of the hydraulic pipe joint (Fig. 164). Also draw a pi 
) 1 '. 


Hydraulic join! for wrought iron pipes. 
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two flanges is filled with iron borings mixed with sal ammonia and rammed tightly into the joint. This arrange- 
ment is called a rust joint . At B the joint is made by using a strip of asbestos or millboard. Flanges are 
sometimes stiffened by ribs or gussets, as shown in Fig. 166. Thickness l*lt, where t is thickness of pipe in inches. 

Expansion joints. Metal pipes expand and contract with variations in temperature. Thus, steam pipes 
are found to alter in length about 1 inch in 50 feet, the range of temperature being about 140° C. Various 
forms of .expansion joints are. used to allow for this movement. 

As indicated in Fig. 107, a brass liner may be fitted to one end of one pipe and the pipe be made to 
slide easily in a form of stuffing box. 

Leakage at the. joint is prevented by 
packing inserted in the space P. This 
packing is forced against the sliding sur- 
faces by means of the bolts shown. 

The stuffing box would be of simpler 
form for pipes of comparatively small size 
and a brass liner would not be used. 

Example. Draw the sectional 
elevation of an expansion joint, Fig. 167. 

Also draw an end view. Scale half size. 

Strength of cylinders. In pipes and 
cylinders in which the thickness of the 
metal is comparatively small, as in the 
shell of a steam boiler, tbe relation made 
use of is p x d = 2f x t, where p denotes 
the internal pressure in lbs. per sq. in., 
d, the diameter of the cylinder in inches, 
f the tensile strength of the material in 
pounds per square inch, and t the thick- 
ness in inches. The "preceding formula is 
not applicable in the case of the cylinders employed for hydraulic pressures and usually called thick cylinders. 

If R is the external and r the internal radius of such a cylinder, p the internal pressure, and f the 



Fui. 107. - Expansion Joint. 
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safe working stress of the material = 2700 lbs. per s<j. in. for cast iron, then R and r are connected by the 
relation /f 4 -n 

R=r \/f- ; 

when r is known, R can be calculated. ^ ' P 

Ex<tm\>l(\ In a hydraulic accumulator r is 4;|". The internal pressure is 1000 lbs. per sq. in. 


7 


00+1000 _ „ 

oo-iobo""' * 


Hence, (lie thickness of metal is 7 — 4 , 7. r > = 2 Y\ 


h— ‘ '•&> -+ 
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KXEK(;SKS. VI II. 

1. Union nut and joint for connecting two lengths of small piping, Fig. 168. Draw an end view and 
a plan. [B.E.] 

2. With the aid of sketches, describe, how to make a steam-tight joint between two flanges. Explain 
in what circumstances studs are used instead of bolts, j B.E/j 
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3. Show, by sketcnes, the methods of constructing the ends of wrought iron or steel pipes to facilitate 
their connection. [B.E.] 


4. Describe with a sketch 
high pressures used. 

h. Sho\v,by sketches, two 
methods of joining wrought- 
iron and cast-iron pipes. 

6. Show, by sketches, 
the construction of a socket 
joint suitable for connecting 
lengths of piping. 

7. Name the principal 

materials of which pipes such 

as are usually employed by 
engineers are made. 

8. Hydraulic pipe joint, 

Fig. 1(59. Draw full size, also 
draw a plan. Explain how 
the joint is made water-tight. 
How are the bolts prevented 
from turning in the bolt 

holes? [B.E.] 

9. Find the thickness 

of the steel shell plates of 

» steam boiler; diam., 7 ft. 


how the joints in hydraulic pipes are made to resist, without leakage, the 



Fhj. ItiO. Ilytlrauliu Pii>e Joint. 


6 in., pressure, 125 lbs. per 

s<j. in. ; tensile strength of material, .‘10 tons per sip in. ; factor of safety, 5 ; efficiency of joint, 70 per cent. 


10. A east-iron 'pipe is jointed by means of flanges 10 in. diameter. I in. thick. The pipe is 4 in. 
internal diameter und is £ in. thick. Each joint has live % in. bolts joining the two flanges. Draw section 
and an end view of the joint. Scale t 


Sere# threads Vi * — • 

/0 per mxJv . 1 


Fio. 17^. Hydraulic Pivot Jo ? «t. 
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11. Give .sketches anil a description of some method of providing for the expansion and contraction 
01 a long length of steam pipe. [B.E. ] 

12. With the aid of sketches, describe how to make a steam-tight joint between two flanges. What 
are the conditions used to determine the. most suitable diameter and number of bolts to use '( [B.E.] 



13. Give sketches showing two ways of constructing pipes from rolled steel plates so that two lengths 
may be readily connected with a water-tight joint. 

14. Draw the sectional elevation of the hydraulic pivot joint in Fig. 170. Scale full size. Draw also 
an end view. M shows the plug and retaining nut half in section, and N is a cup-leather. [B.E.] 

15. Fig. 171 shows a form of union joint suitable for hydraulic piping. Draw two views of the joint. 
Scale full size. Also draw a plan projected from A. [8.E.] » 






CHAPTER IX. 


ENCJINE DETAILS. LISTONS. 

Engine details. In considering the details of an engine, if is important to know the relation of any 
single detail to the whole. One of tlie simplest forms of engine, is a horizontal or direct -anting engine. 
In Fig. 17:1 it will he seen that the piston rod is fastened at one end to the piston and at the other to 
the crosshead, the connection between the crosshead ami the crank is made hy means of a connecting 
rod. 

The pressure of the steam acting on alternate sides of the piston gives a to and fro motion to the 
piston iu the cylinder, and this rectilinear motion causes rotation of the crank and the crank-shaft, to 
which it is fastened. 

The piston rod, connecting rod, and crank, are all in one line when the piston is in its extreme 
position to the right, or to the left; these, positions or points art 1 known as dead points and occur twice 
in each revolution of the crank. Means have to be provided to enable the mechanism to get past these 
points, and this is effected by means of a Hy-wheel, i.e. a wheel of comparatively large radius and with 
a heavy rim. When a fly-wheel is not admissible, two cylinders are provided and the pistons are connected 
to two cranks mutually at right angles. A similar arrangement is used also in engines which have to be 
reversed, such as in locomotives, portable, engines, etc. 

A most instructive exercise for those who have not access to an engine of the kind referred to is 
to make a simple skeleton model in wood or cardboard. 

The admission of steam to one side or oihei >f the piston is effected by means of a slide valve . 

The distance moved through by the piston from one end of the cylinder to the other is called the 

stroke , or the travel of tin 1 - piston. This distance is obviously twice the throw of the crank (the name 
given to the distance between the centres of the crank pin and the crank shaft). 

The crosshead is made to move in a straight line parallel to the axis of the cylinder by means of 

Suitable guides or guide bars . These guides may form a segment of a circle as in Fig. H)2, or be flat a 8 
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m Fig. 190. Only one such surface is necessary in an engine in which the crank shaft rotates in one 
direction only. When the crank shaft rotates in both directions, as in all reversing engines, locomotives, 
etc., two surfaces, one on the upper and the other on the lower, must bo provided. 



Flu. 172. — Horizontal Engine. 


Example. ' Draw the elevation of the horizontal engine (Fig. 172). Some of the dimensions are 
given in the diagram. Details of the connecting vod, connecting rod ends, crosshead, crank and 
crank shaft bearing, are given in Figs. 202, 192, 144.., 
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Cylinders. The internal surface of a cylinder should present a hard and smooth surface!. To ensure 
that this is the case,, what is called a liner is frequently used, especially in cylinders of comparatively large 
size. Such liners have been made of steel, but hard close-grained east iron is usually employed for the 
purpose. Arrangements have, to be made not only to secure the liner to the cylinder, but also to allow 
for expansion. The liner may be secured to the cylinder by bolts passing through a flange, the heads of 
the bolts being recessed into the flange. The joint between the liner and the cylinder, at the end near to 
the cylinder cover, must be kept steam tight and must also allow for expansion. For such a purpose the 
arrangement adopted may be that shown at I or at II (Fig. 173). 

In I a small stalling box S is used, and this box when picked with asbestos or other suitable material 
makes a steam-tight joint. The lower part of the liner is flanged and secured to the cylinder by means of 
set screws with square heads. 

In II a copper ring is used, and this is fastened to the li nor and cylinder by set screws. 

It will be noticed that the liner is made to fit the cylinder for a comparatively short distance at each 
end only, and this reduces the labour and expense in machining. The space D between the liner and 
the cylinder varies from f" to 1|" in depth, and is usually kept filled with steam, thus acting as a 
steam jacket. 

7i example. Draw the sections of the liner and the cylinder shown in Fig. 173. Scale full size. 

Pistons. A piston is usually cylindrh.d in form on account of the ease and accuracy with which a 
cylindrical cylinder can be produced by means of workshop tools. As already indicated, the piston moves 
forwards and backwards in a hollow cylinder, giving rotary motion to the crank shaft by means of the piston 
rod, crosshcad, connecting rod, and crank. In this to and fro motion, whether the driving force be steam, 
gas, oil, or water-pressure, the arrangement must be such as to prevent leakage from one side of the 
piston to the, other. 

In the cylinder of a steam, gas, or oil engine, the leakage may be prevented by some suitable form 
of metallic packing. 

In the cylinder of a hydraulic, engine, in which water under comparatively great pressure is used, some 
Jorm of leather packing is necessary. The packing is usually made in the form of a ring, or is cup-shaped 
•ii form (Fig. 178). 

, Ramsbottom’s packing. One of the simplest forms of metallic packing, which is largely used for 
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locomotive pistons, is tlmt known as llamshottom'i s\ The piston is made slightly smaller than the hore of 

the cylinder, and two or more rectangular grooves are cut in its rim 
to receive metal rings of similar section, and made of brass, east 



iron, or steel. The. rings arc made larger than the bore of the 
cylinder, and a small piece is cut out of the periphery. The rings 
can then be sprung into place. 

In Fig. 174, two views of a locomotive piston and part of the 
piston rod are shown; the bore of the cylinder is 18", the piston is 
made slightly smaller or, about 17] fj" diameter, the rings arc turned 
to 18j" diameter, and when cut they are sprung into position. 

Example. Draw the two views of a locomotive piston 
and piston rod (Fig. 174); diameter of piston 18"; diameter of 
piston-rod end 2.',"; six threads per inch. Taper of cotter 
1 in 24. Seale 5" to F. 



Fm. J74. — Locomotive Piston. 


Fu». 175 — Locomotive Piston, 
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In the locomotive piston shown ill Fig. 175, there are two cast-iron packing rings wide m grooves £■" 
apart. The end of the piston rod, as indicated in the detail at I, is made in the form of a steep cone, 
and this expedient enables the piston to be removed readily when necessary. 

Example. Draw the section of the locomotive piston (Fig. 175). Draw also a plan and an end 
view. Scale half size. 

Steel piston. For many purposes, and especially in marine engines in which the cylinder is vertical, it 
is necessary not only that the piston shall be of sufficient strength, but also that its weight shall lie reduced 
as much as possible. Those ends are eHectcd by making the piston of east steel, and as this material is 
much stronger (p. 227), the piston may bo made about one-third lighter than it made of east iron. The 
piston, as in Fig. 1?(>, is made in a conical form. This shape not only makes it easier to cast, but also 
gives strength and rigidity to it. 

The taper of the piston rod in the boss of tbe piston is usually from 1 in 3 to 1 in 4. The packing 
rings are pressed out by means of suitable springs, so that the pressure against the surface of the cylinder is 
from 3 to 5 lbs. per s<p in. The split in the piston ring is cut in an oblique direction, so that the edges 
may not score or cut the surface of the cylinder. Leakage at the split is prevented by a brass tongue 
piece, which is fixed to one end of the ring by screws. 

' The puck in g rings arc held in position by a ring called a junk ring ; this may be fastened to 
the piston either by studs and nuts or by set screws. The screws or nuts may be prevented 
from slacking back by various locking arrangements. The usual method, as in Figs. 1/G, 1//, is to 
use a securing or guard ring , which is made to bear against the ilat faces of the heads or nuts, and is 
fastened to the piston by means of studs and nuts, the hitter being secured by split pins as shown. The 
usual arrangement, when set screws or bolts are used, is to screw these into nuts or plugs ot gun metal 
instead of into the metal of the piston. This plan avoids the danger of the bolts .rusting and becoming set 
fast in place. The plugs, moreover, can be renewed easily when defective. 

The bolt heads are sometimes sunk into the ring instead of standing above it. Instead of using a 

securing ring the “ slacking-back ” of the nuts may be prevented by using a split pin. 

The nut at the end of .the piston rod is secured by means of a locking plate, as in Fig. 177, secured 
by three or more small studs, the nuts being fixed by split pins. 
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Example . Fig. 176 shows a section of a portion of the cylinder 
of a marine engine with a steel piston and rod. A portion of the 
plan is also shown. Draw a sectional elevation and complete the 
plan. Scale 3" to l'. 
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Hydraulic piston. When water under pressure is used in 
the cylinder of* an engine, the form of the piston is different 
from the preceding examples. One form is shown in Fig. J78. 
In this case the cylinder and piston are of brass, and the 
end of the steel piston rod in contact with the piston is 
made in a spherical form, for since the rod is throughout 
the stroke in a state of compression, it is not necessary to 
fasten the rod and piston together. The water-tight packing 
is furnished by a hat leather as shown. This leather is held 
in place by a washer and nut, while a small split pin prevents 
the slacking back of the nut. 

In this form of hydraulic piston for what is known as a 
xi,it<jl<>,-<ichn<f engine, the water pressure only acts on one side 
of the piston. The arrangement of the three pistons in an 
engine of this type is shown in Fig. 182. 

A double leather packing is used when the water pressure 
acts alternately on each side of the piston. One form of 
piston adopted is shown in Fig. 181. 

Example. Draw full size the three views of a 
single-acting hydraulic piston and cylinder (Fig. 178). 

Water-pump bucket. Fig. 179 shows a piston or pump 
bucket with a liat-leathcr arrangement for preventing leakage. 
The water pressure acts alternately on each side of the 
flexible leather and is found to make a good joint for any 
pressure. 


Example . * Draw the two views of the hat-leather 
arrangement shown in Fig. 179 also draw an end view. 
Scale 6" to V . 



Fm. 179. — Water-pump Buckot. 
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EXERCISES. IX. 


Vs 


% 


1. Explain lmw piston rings are made so that the piston may work steam-tight in the eylinder. How 
are these rings put into place '( 

2. Explain, by means of a sketch, the manner in which a piston rod is made to move so that the axis 
of the rod coincides with the axis oi tin* cylinder. 

3. Show, by sketches, the construction of a hydraulic piston suitable for high pressures. [B.E.] 


4. Sketch and explain how a ram is made to work water-tight in the cylinder cover of a hydraulic 


press. 


5. Sketch and describe one form of piston suitable for a steam engine and one suitable for a hydraulic 
engine. State the reasons for tin* difference in construction in the two eases, and also state in each case 
the materials used in the construction of the piston. 


6. Dive sketches showing two or moiv methods of fastening the piston rod to the piston of an engine. 

7. State the essential points to be secured in the design of a piston for a steam engine. Illustrate 
your answer by sketching any good form of piston. 

8. Explain the advantages of providing a separate piece for the liner of a steam-cylinder. With the 
aid of sketches describe how the liner is fitted at each end of the eylinder. 

9. Fig. 180 shows, the piston with connecting rod end for a gas engine. Draw half size three views in 
which the parts are properly connected together, (i) A side elevat on in which the upper half is to show a 
section taken through the axis of the cylinder, and lower half an outside view of the piston, (ii) A sectional 
plan taken through the axis of the piston. (iii) An end elevation looking into the open end of the piston. 

|b.e.] 
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10. The diagram (Fig. I Hi) shows a piston and plunger for hydraulic, pressure. Draw the parts connected 
together, the covers to he secured by studs and nuts. Draw a sectional elevation, also a view of the end, 
L* the right half with the cover removed, and the left half with the cover in place. Scale half size. [B.E.] 



Details of 
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11. Draw the two views showu of the three-cylinder Hydraulic Engine (Fig. 182). The water pressure 
is 700 lbs. per sq. in. Find the size of the two bolts for the cover, and show the bolts in both views. 
Scale half size. [B.E.] 
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STUFFING BOXES AND GLANDS 

Gland and stuffing box. The piston rod of a steam, gas, or other engines must slide freely through 
the cylinder cover of the engine, and then* must be no leakage past the rod during its to and fro motion. 
Such leakage is prevented by using a shiffittg box, which consists of a hollow cylindrical box in which 
asbestos or other suitable material is placed. The stuffing box also acts as a guide for the rod, ensuring 

that the axis of the rod always coincides with the axis of the cylinder. 'Flic friction between the rod 

and the stuffing box is lessened by using a suitable alloy for the rubbing surfaces. 

Fig. 18:1 shows a simple form of stuffing box, which consists of a cylindrical box, S, on the outside of which 
a screw thread is formed ; a gland, G, is made to lit the box and can be forced downwards by means of 

a hexagonal nut, N. The lower part of the stuffing box is bored to fit the rod. Asbestos or other suitable 

packing inserted in the space P is compressed and forced tightly against the rod by rotating the nut N. 

Example. Draw the two views of the stuffing box and gland (Fig. 183). Draw ulso an end 
view. Scale full size. 

In the form just described, all the parts — the box, gland, etc. — are of brass, and this is usually the 
case when it is of comparatively small size. Tn larger sizes, the box and gland are made of cast iron and 
the rubbing surfaces are provided by brass bushes inserted in the gland and in the lower part of the 
stuffing box. 

In Fig. 184 a gland and stuffing box for a vertical engine arc*, shown. The stuffing box S and gland G 
are of cast iron ; a brass bush which tightly fits the gland and another bush inserted at the bottom of the 
stuffing box, form the rubbing surfaces. 

A steam-tight joint- is obtained by suitable packing placed in the space P and forced against the sides 
of the piston rod by means of the three studs shown. 

Example. Draw to a scale G" to I' the two views shown of a stuffing box and gland, also 
draw an end view. 
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Example. In Fig. 185 two views of a stuffing box, 
gland, and cylinder cover are shown. Draw to a scale 4" to 
1'. Also add an end view. 

Packing. The material used for packing depends not only on 
the pressure of the fluid but also on its temperature. Ilemp or 
some form of india-rubber [lacking is used for comparatively moderate 
steam or water pressure ; but such packing is not suitable for steam 
of high pressure, and consequent high temperature. Asbestos fibre 
has been much used for this purpose, though it is found to be 
unsatisfactory when exposed to heavy and continues fruition, such 
as in the stuffing box for a piston rod. Some form of metallic 
packimj is found not only to work with less friction but to be less 
liable also to score the rod than asbestos or other kind of packing. 
Metallic packing is made in a variety of forms and may consist of 
a scries of white metal rings alternating with similar rings of gun 
metal. The rings arc made of triangular sect ion as shown in Fig. 186, 
and as the gland is forced in, the white metal rings are by the action 
of the inclined surfaces pressed against the surface of the rod. 

During the process of screwing down the gland, a number of 
spiral springs — usually enclosed in or carried by a frame at the 
bottom of the stuffing box (as shown at S, Fig. 186) — are com* 
pressed. In this manner the pressure upon the rod is maintained, 
durtig a slight amount of wear, by the elasticity of the springs. 

^he nuts on the stuffing box require to be rotated simultaneously. 
To cfl’cet this one plan is to use nuts made in the form of toothed 
pinions. These pinions are all connected together by a toothed ring 
held to the face of the gland by suitable clips. The pitch circles of 
the ring and the pinions are indicated by dotted circles in thfc 
plan (Fig. 18 K). Motion is given to the ring and the pinions bjr 
means of a suitable woj ni rotating in bearings as indicated. ^ 
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Example. Draw, to scale G" to 1', the stuffing box and gland for the piston rod of a vertical engine. 



Hydraulic packing.- Leather packing — in the forms known as cup-leather' or hat-leathxr is used. Ihe 
packing consists of a leather washer moulded into the form of an annular ring (big. 188). Ihe ring 
may be placed in it recess or chamber formed in the side of the cylinder. When in action the fluid 
under pressure leaks past the ram, R, into the chamber C, and acting on the inside of the joint forces 
the leather tightly against the sides of the ram, thus ensuring a tight joint. Ihe tightness of the joint 
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increases with the increase in the pressure. Some difficulty may he experienced in the form shown in lig. 
187 in placing the leather in position; this difficulty may l>e avoided, however, by using the form of gland 
in Fig. 188. 

Double cup-leather. Jn the case of the piston of a hydraulic engine, then 1 , may lie great pressure on 
one side of the piston or on both sides. In the former cast 1 , a single cup-leather, as in the piston of the 
Brotherhood engine (Fig. 182), may be used, and in the latter a double cup-leather would be required (Fig. 181). 

KXEKCISES. X. 

1. Describe how a steam-tight joint is made between the cylinder and the cylinder cover of a steam 
engine. Show how a piston rod is enabled to work steam-tight through a cylinder end or cover. What 
alternative plan eould be adopted when water is the pressure fluid used instead of steam ? 

2. Sketch in section a, stuffing box and gland, with bolts or studs, in the construction of which cast 
iron, wrought iron, and brass arc employed. Explain why these different materials are used for the 
various parts. [B.E.] 

3. Draw a section of a simple form of stuffing box suitable for a valve rod, so made that neither 
studs nor bolts are required for tightening the gland. 

4. What is packing? Name the. principal materials of which it is made. What kind is generally used 
in a stuffing box to prevent leakage of steam ( Sketch two methods of tightening glands when the packing 
becomes worn. 

5. Show, by sketches, how cup-leather packing is used to prevent leakage of water in hydraulic 
presses. 

6. Describe how the lubrication is provided for in the stuffing box and the cylinder of an engine. 

7. Describe an arrangement, for screwing up imultaneously the several nuts of the gland of a large 
stuffing box. [ B.E.J 

8. Explain, with sketches, one form of metallic gland packing for the piston rod of a steam engine. 
State the advantages due to the use of metallic, packing as compared with other material. 

9. A stuffing box and gland are shown in Fig. 189. Draw the two views shown, and also draw an end 

view. Scale half size. [B.E.J < 
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Crosshead and slides. The 

of a crosshead. One form ol e 



I Mailed drawings of the 
it will he seen that the end 
cotter. 


conned ion hot ween a piston rod and a eonneetin 
rosshead is shown in Fig. HH). 
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1 90. — OroHMhfMid SlideH. 



„i of til.' piston rod and slides arc given at (ji> and (iii). From the former, 
the ml is made of a taper form, and is secured to the crossheml by . 
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The dimensions and general form of the crosshead and slides may*be seen from the diagram. 

Example . Draw the details of the crosshead and slide bars (Fig. 190). Seale half size. 

Guide bars. The two slides (Fig. 190) move backwards and forwards, the centre of the crosshead 
moving in a horizontal line. This motion is ensured by means of guide bars, a pair of which are indicated 
in Fig. 191. 



Fra. 191. — liars. 


It will be noticed that small recesses, R, R, are made at each end of the guide bars. The edges of the 

slides entering these recesses during each to and fro motion of the crosshead prevents the formation of a 

ridge, which would otherwise occur owing to the wear of the slides. 

Adjustment for wear may be made by means of distance piece* > PP, which are inserted as shown at the 

ends of the guide bars. 

* * 

Example . Draw the two views of the guide bars shown in Fig. 191. Also insert in their propel 
positions the orosshead and slides of Fig, 190. 




MACHINE CONSTRUCTION 


[CHAP. 


IU1 . 

. 1 * +V. « rrnirlpQ fnr tll6 CTOSsl) (Wl COTlRist Ol tWO flXCS 

Orosshead. Fig. U)‘2 shows an -arrangriincn in whic R Compensation for wear may he made by 

of circles, the axis being coincident with the axis ot tin, cyan i 

means of the two wedge-shaped holts. 

E^u, Draw, hair am, the two viowa of a c.r„*nd (Fig. UB). Al S o draw a plan. 



Fio. 192. — Crofiahead. 


T„ ™,c . the ml and croad.ead are forged in one piece, and afterward* machined to the reqra.it. 
size and form. Fig. 193 shows such an arrangement. 

Example. Draw, half size, the twy views of the epsshead (Fig. 193). 
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Forged steel crosshead for marine engine. Fig. 194 shows a form of crosslicad suitable for a marine 
engine. Tin*, rubbing surfaces are of while metal, which is placed in suitable grooves and hammered in. 

Example. Draw the two views of crosshead (Fig. 194). Scale half size. Also draw a plan. 



Some of the remaining forms of erossheads and guide blocks used are shown in Figs. 196-200. Thus in 
Fig. 197 adjustmenl for wear can be made by na ans of the set screw shown ; the end of the screw is made 
to press against a steel plate. In Fig. 199 two views of a, crosshead and slide block forced at the end of a 
piston rod are shown. 
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EXERCISES. XI. 

1. Make a sketch showing how a orosshead is secured to a piston rod by a cotter. 

2. Draw the two views of the piston rod end (Fig. 196), and also draw a plan. Seale full size. 



Fro. m . 
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ine. Draw full size a sectional elevation, 

[B.E.] 
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4. Complete the two views of the crosslieml (Fig. l‘J8). Also draw a plan. Seale half size. 
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Fio. 198. 


5 The .in. (Fig. 199) shows Iwo views of a erosshand and slide blin k forged at the end of a pulton 

rod. Draw & views "rod Al a plan and a seeuonal elevation on the lme AM. Seale fall srze. 
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# 10 . 190 . 







CHAPTER XII. 


CONNECTING HODS. 


Connecting rod. I ho connection between the cros^head and the crunk pin of an engine, is usually mud( 
by what is known as a connect- 
ing r<M. The materia] uset^Jjjff* I 

such a yod is cither mild or 
wrought iron of good quiflit)^ 

The ends of the rod arc usually 
referred to as the small end and 
the large end respectively. The 
■ former embraces the cross head pin 
and the latter the crank pirn 

i— 2i-,‘ H 

■ n~ 


| Radius 








Flu. 201. — CrtwH Section of a Connecting Rod. 


Flo. 5202. —Details of Connecting Hod. 


Ex ample. . Draw, full size, the cross section of ft locomotive connecting rod (Fig. 201). 

Example. Details of the ends of the connecting rod of the horizontal engine (Fig. 172) are 
shown in Fig. 202. Draw full size. , 
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In slow moving engines the rod is frequently made of a circular form in cross section. In quick 
moving engine's - locomotives, etc. — the rod usually consists of a tapering bar, or a bar rectangular in cross 
section as in Fig. 204. It may be I-shapcd as in Fig. 201, which shows the cross section of a locomotive 
connecting rod, the. distances between the centres being 10 ft. 

Strap and cotter connecting rod end. In this form, the end of the*, connecting rod is made, of a 
rectangular section. A strap of mild steel, or wrought iron, is made to fit this rectangular block, as in 

Fig. 20ft, and this strap also carries the brasses or steps forming 
the bearing. Tin 1 , strap may be secured by means of gibs and 
cotters. The arrangement of such a form of connecting rod may 
be seen by reference to Fig. 204. 

In Fig. 204 tlu! large and small ends of a locomotive connecting 
rod are shown. In the small end shown at I, the open, ends of the 
strap are held by means of two gibs, G, G ; these also form bearing 
surfaces for the cotter C. The lubricator shown is forged solid 
with the upper part of the strap. The slacking back of the 
cotter is prevented by means of two small set screws ; and to 
prevent injury to the cotter, shallow grooves are made, as shown, 
to receive the ends of the set screws. 

The preceding arrangement is modified in the large end for 
the same connecting rod shown at II (Fig. 204). The strap is 
fixed by two well-fitting bolts; the back of the cotter is made in the form of a semicircle and fits a 
corresponding recess in the end of the rod. This recess is bored out to receive the cotter after the strap 

is bolted in position. The taper of the cotter is from 1 in IK to 1 in 24, and the cotter is made to fit 

a shallow groove in the steel wedge, W. In addition to providing means of adjustment, the steel wedge, 
W, simplifies the fitting of the brasses. 

As in the small end, the lubricator is Mrged solid with tlic upper part of the strap. The slacking 

back of tlic cotter is prevented by means of small set screws as shown. 

Example. Draw the sectional elevation and plan of the ends of a locomotive connecting rod 
(Fig. 204). Scale Also draw, to a scale of ^ full hzc, a sectional elevation and plan, showing tfce 

rod and ends. The complete distance between tlic centres is G' G". 



Fi«. 203. 
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Box-end Jn the precedin'" form of connecting rod end, there is the liability that the bolts or cotter 
may slacken back. Tq 1 avoid this, the end of the rod carrying the brasses may be forged m one continuous 



piece with the connecting rod. 
no separate strap is required, 
the inside to lit the crank or 
release them by means of the 
P, and a split pin. 


The form thus obtained is known as the box-end. In thus form (Fig. 205), 
The brasses are machined on the outside to fit the end of the rod and on 
crosshead pin. Rotation of the bolt, B, will force the brasses together, or 
inclined surface of the wedge W. The bolt is secured by a locking plate, 
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Adjustment for wear. To adjust for wear the split pin and plate must be removed, and the wedge 
drawn up by means of a spanner. These are replaced when the adjustment is effected. 

Example. Draw, full size, the two views of a connecting rod (Fig. 205). Also draw an end view. 
Instead of the preceding arrangement, a modified type of “ marine ” end may be used. This is shown in 



Fiu. 200. 


Fig. 206. The rodjend is forged with a solid strap end and the brasses are secured by two bolts; these bolts 
which pass through the rod end and cap not only serve to secure the brasses, but also permit of adjustment* 

Example . Draw, full size, the two views of a connecting rod end (Fig. 206). Also draw a plan* 

& • 


fl.ai.o- 
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Example. Draw the sectional elevation and plan of the two ends of a connecting rod (Fig. 207). 
The dimensions arc given in millimetres. 



Via. 207 . 



xiL] CONNECTING RODS 

Marine form. In what is called the marine form , shown in 
is forged to a Hat plate and a cap is made of the same shape, in 



Fig. 208. — Connecting Rod End. 


$ 




r 9 


_- 0 - J8, 209 210, the end of the rod 

ittterial, and thickness. 
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The two brasses arc bored to fit the crank pin and machined along the. 
rod end and cap. These are fastened together by means of two bolts passing 

end of the rod, t he brasses, and the cap. 

These bolts are prevented from rotating by means of snugs, one of winch 


surfaces in contact with the 
through holes bored in the 

is shown in Fig. 208. 



Fig. ?09. — Connecting Hod Knd. 


split pins are inserted. The weight of the brasses is reduced by hollowing out the material as at b, (1 g. 2 )* 

Example. Draw, \ size, the sectional elevations and plans of the large and small ends of 
connecting rod (Figs. 208, 209, 210). 1 
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EXERCISES. XII. 

1. Sketch two oi three methods by which a cotter may be prevented from slacking back. 

2. Distinguish between a key and a cotter. Draw an example of each, stating the purpose for 
which it is employed. Also state the amount of taper 
in each case. What is meant by the “draw of a 
cotter ” ? 

3. Explain the advantage due to the use of a gib. 

Show by sketches the use of a cotter and a gib, also a 
cotter without a gib. 

4. Show, by sketches, two forms of connecting rod 
ends. Explain how adjustment is made for the wear of 
tire brasses. 

5. Explain how the exact length of a connecting 
rod may be maintained, whilst adjustment is made for 
the wear of the brasses. 

6. Show, by sketches, the construction of a coupling 
rod end suitable for a locomotive. 

7. Show, by sketches, a connecting rod end suitable 
for (i) a marine engine, (ii) a locomotive engine. 

8. Sketch a connecting rod end with strap, gib, and 
cotter. Explain the use of the gib. 

9. Fig. 211 shows one end of a coupling rod for a locomotive. Draw, full size, the two views shown; 
also draw an end view. [B.E.] 

10. Two views of a simple form of “box-end” arc given in Fig. 212. Draw half size and add an end 

view. • 



Fig. 212. — “ Box Knd.” 
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12. A valve rod 
end for a ’ marine 
engine is shown in 
Fig. 214. Draw half 
size. [B.E.] 






CHAPTER XIII. 


CRANKS AND ECCENTRICS. 

Granks. The forward and backward motion of the piston of an engine is converted usually into the 
circular motion of the crank shaft by means of some form of crank. The material used for such a crank 
may be cast iron, mild steel, or wrought iron. Of these the two named last are in most general use. 



Fig. 215 shows a simple form of crank suitable for a small gas engine. The arrangement allows a bearing 
to be formed on each side of the crank pin. 

Example. Draw the two views, h«lf size, of the crank (Fig. 215). Also draw a plan. 
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In Fig. 210 two views of u crank shaft suitable for a portable engine, etc., are shown. The cranks and 
crank pin arc formed by bending the crank shaft. This plan, like that in the preceding case, allows a bearing 
to be formed on each side of the crank pin. , 

Example. Draw, half size, the two views of the crank shaft (Fig. 2L0). Also draw a plan. 



Fhi. 216. Fici. 217. 


Cranks of larger size usually consist of forgings which arc fastened to the crank shaft. Two methods 
of fastening commonly used for the purpose are. known as forcing and shrinking. In the first named, the 
hole, in the crank ip bored slightly smaller than the crank shaft, the key-way's are cut both in the shaft 
and the crank, and the crank is then forced to its place by hydraulic pressure. The crank pin is fastened 
to the crank in a similar manner. 

Example. Draw, J full size, the two views of the overhung crank (Fig. 217). Draw a sectipnal 
plan along the line AB. 
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In the second method, advantage is taken of the exp a nsion that metals undergo when heated. Thus, if, as 
before, the hole is made slightly smaller than the shaft, then, when heated, the crank can be passed to its 
place, care being taken to keep the key-ways in line during the process of cooling. In this manner the crank 

sli aft is gripped firmly by the crank, and finally 
* i a Vkey is fitted carefully and driven tightly into 

it — T1 fT ^ \ * The crank pin may be fastened in like manner, 

^ i I ■ 1 If i \ \ anc b addition, it may be riveted over as shown 

1 ... i : _ _lp t- i in F,i «- 217 - 

^ I 3' 5 p.. I V j J pal A better method than that of riveting is to 

; j* ^ j lioi'l „ S ! \ \. , |i£ y J increase the length of the part of the pin which fits 

1, v] _ZI_1 ^ \ ntir '/ the liode in the crank, and to make this part long 

\ I - / enough \ to receive a thin nut, as at II Fig. 217. 

1 \ J- / I instead mf the preceding plan, the hole in the crank 

» ' / may be anade taper and the crank pin secured by a 

f||p \ i / cotter, as in Fig. 218. 

, .3 0%% \ i / , Example . Draw, J full size, the two views 

^llplp a - \ ^ / of ^the crank (Fig. 218). Distance from centre of 

*L Y craAik shaft to centre of crank pin 1G". 

( 4 l 4 _ }{ 4aj_ ( .. ]_ In the overhung cranks referred to, it will be 

\j <f 6 ’; i \ ' si evident that ci considerable part of the weight of 

^ 2^-1 4 | . .JJi. V / the crank is on one side of the centre of the crank; 

hence unbalanced Torc.es may be introduced — especially 
Fm gig. in the case of largd*. cranks. These forces, which may 

be negligible iu slow moving engines, are of impor- ; 

tance in those moving at a comparatively high rate of speed, and give J rise to injurious vibrations. To 
avoid these disturbances, various plans of balancing are adopted. One mrthod is to prolong the crank web 
beyond the crank shaft. / 

Another plan is to place a weight between two arms of a wheel to which the crank is attached, such 
the balance weight between two arms of the driving wheel . of a locomjotive. Another form consists of ft 




31. I 
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cast-iron ctisc in which a weight, W, nan he placed along the line joining the centres of the crank pin and 1 
the crank shaft produced. Two views of such an arrangement are shown in Fig. 219. The crank shaft is 



.of mild steel, diameter, the hole bored out to a slight taper, and the disc is then forced on to tlie shaft 
with considerable pressure, and further secured by a sunk key. The crank pin is made a tight fit in the 
disc, and secured by a taper pin, i" diameter. 

Example. Draw, to a scale of 4" to 1', the two views of a disc crank (Fig. 219). Draw also 
a plan. 
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Two methods adopted for lubricating a crank pin are shown at I and II (Fig. 220). At I a hole is bored 
in the direction of the length of the pin and outwards, as shown, to the . bearing surface. At II the oil 



Fmj. 220. — Lubricating Crank Pin. 


is forced along the pipe shown, and passes through the two holes indieated ; escape along the axis of the 
crank pin is prevented by the two small pistons depicted at P, P, in the diagram. 

Built-up crank shafts. Built-up crank shafts a-:c generally used for the comparatively large shafts in 
the mercantile marine. The two webs — or crank arms — erank pin, and the two parts of the crank shaft, 
are made separately and afterwards fastened together. The material may be fluid compressed steel forged 
by hydraulic presses. The holes in the webs arc punched and afterwards forged on mandrils. The process 
of fastening the parts together is briefly as follows. One of the webs,. A or B, (Fig. 221) is shrunk on to ; 
the crank shaft, care being taken to keep the key-ways in-line; after cooling, a key is fitted and driven 
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tightly into place ; instead of a key, a hole for a pin may he drilled and then the pm is driven tightly 
into place. 

The remaining web is secured in like manner. The two holes for the crank pin arc next put together 
and heated, and whilst hot the crank .pin is inserted. 



Flo. 221. — Built-up Crank Shaft. Fits. 222. 


Example . Draw, half size, the two views of a built-up crank shaft (Fig. 221). 

Example . Draw, £ full size, the two views of one of the crank shafts for the City of Rome , 
also draw a plan (Fig. 222). 
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Eccentric. When a crank is used, the crank shaft must be divided to enable the connecting rod — 
one end of which is fastened to the crank pin — to pass the centre of the (‘.rank shaft. This expedient is 
unnecessary when an eccentric — -which may be described as a particular form of crank in which the crank 
pin is made large enough to include the crank shaft — is used. 

1 Thus, let A (Fig. 223) denote the centre of the crank pin, and B the centre of the crank shaft. With 
A as centre and a radius large enough to include the crank shaft, draw a circle. Such a circle will 

correspond to what is called the sheave of an eccentric . This circle when 
encircled by a suitable strap may be made to give a reciprocating motion to a 
valve or other reciprocating piece. 

The sheave may be made either in one or in two parts. In the former 
case it must be passed over the end of a shaft ; and this, owing to pro- 
jections, may be difficult or impossible. In such cases the sheave is made in 
two parts and fastened together by bolts or studs. 

The sheave is fastened temporarily in position on the shaft by means 
of one or more set screws. Afterwards, when its position is ascertained 

definitely, it is keyed fast to the crank shaft. 

The eccentric, unlike the crank, cannot be used for the conversion of 
reciprocating into circular motion ; but it is of great utility in the conversion 
of circular into reciprocating motion. A familiar example is furnished by the 
conversion of the circular motion of the eccentric into the reciprocating motion 
of the slide valve. The materials used are generally as follows. When the 
eccentric is of comparatively small size, the sheave and strap may be made of brass. In the larger sizes 
the material used is cast iron or steel, and friction is reduced by using a brass liner. 

A common form of eccentric is shown in Fig. 224. The sheave and strap are made of cast iron and a 

brass liner is used. The sheave is made in two parts, fastened together by means of two cotter bolts. 
The halves of the strap are . connected by bolts and the unscrewing of the nuts is prevented by lock 
nuts. In addition, small split pins are inserted neai the end of each Dolt. \ 

' Distance piec.es, P, P, are provided for adjustment. These may be made of hard wood, leather, 

gun-metal, etc., and the adjustment is made by reducing their thickness. 
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EXERCISES. XIII. 

1. For what purpose are cranks used? Indicate by sketches two forms of crank suitable for a steam 
engine. 

2. State the process by which a wrought- iron crank is fastened to the crank shaft; also explain how 
the crank pin is fastened to the crank. 

3. Explain, by sketches, tin* chief difference between a crank and an eccentric,. What is the throw of 
an eccentric ? . 

4. Show, by sketches, a wrought- iron overhung crank and a disc crank. What advantages are obtained 
by using the latter ? 

5. By means of a sketch and a description, show how the two parts of an eccentric sheave arc joined 
together when the sheave cannot be passed over the end of the shaft. 

6. Sketch in section the construction of an eccentric sheave, strap, and rod, the sheave being made in 
two parts. Show how the sheave is fixed to the shaft and explain why each portion of the eccentric is 
made separately from the rest. 

7. When the eccentric strap shown in Fig. 227 becomes loose by wear, how is it adjusted ? What 

is the travel of the slide valve, the spindle of which is connected directly to the end of the eccentric 
rod ? [B.E.] 

8. With the aid of sketches, describe how you would fix the portions of the eccentric strap (Fig. 224) 
in a lathe for the purpose of turning the interior surface. Also point out where the eccentric and strap 
will wear most rapidly and describe how it may be refitted Wheu worn. 

C.M.C. N 
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8a. Draw, \ size, the sectional 
elevation and plan of an eccentric 
(Fig. 224). Also draw an end view* 


9. Fig. 225 shows a locomotive 
crank shaft. Do not draw the parts 
separated from one another as in 
the diagram, hut draw one end 
of the shaft with the crank arm 
and the eccentric sheave in place. 
Scale half size. [B.E.] 



Via. 224. —Eccentric. 
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10. Eccentric for a steam engine. The diagram (Kig. 226) shows the two portions of the sheave and 
the strap disconnected from one another. Draw the parts fitted together and also insert the strap end of 
the eccentric rod. Scale A. f B.E. I 


w///////r//\ 


^yte 


151 


DiumM&r cf end/ 


ofeccentrtorod/Z 


Fin. 227. — Details of an Eccentric. 




12^1 


11. Eccentric. The diagram (Fig. 227) shows the various portions of an eccentric. Draw a sectional 
elevation and plan of the parts fitted together. Scale half siz^. [B.E.] 
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VALVES. SLIDE VALVE. SAFETY VALVE. 

Valves. The object of a valve is usually to open or close ti passage through which steam or other 
fluid can pass from one place to another. The fixed part, or seating on which the valve rests, is formed 
usually in the passage, especially in the case of small brass valves. In larger valves it is generally made 
separately ; the outside of the seating is then made slightly taper and fitted accurately and tightly into a 
corresponding taper opening in the passage. This method of fixing allows the valve and seating to be 
made of brass, though the passage in which it is placed may be made of cast iron. 

Valves of various kinds are used so largely by engineers, and there are so many varieties, that it is a 
difficult matter to make a suitable selection, and it is only possible to refer to a few of the more important. 
Roughly, they may be divided into three classes, viz. : 

(L) '1 'hose opened and closed by hand. 

(2) Valves which are opened and closed by self-acting mechanism. 

(3) Valves opened and closed by the pressure of a fluid. 

An example of the first kind is furnished by the ordinary stop, or throttle, valve of an engine, an 
ordinary straight-way cock, etc. (Fig. 228). A familiar instance of the second kind occurs in the slide 
valve of an engine and in regulating or throttle valves (Fig. 241). India-rubber valves, etc., are examples 
of the third kind as well as being instances of non-return valves. 

Example. Draw, half size, the two views of a 3" stop valve (Fig. 228). » 

The lift of a valve is usually made equal to one-quarter of the diameter of the valve. Thus, for example, 
the diameter of the stop valve on a boiler is usually the same as the diameter of the supply steam pipe, ahd 
the maximum lift of the valve is equal to one-fourth its diameter. 
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Let d denote the diameter and x the lift of the valve. The cylindrical area of escape, when the valve 
is opened a distance x, is wd, and this must be equal to the area of cross-section, 



or bore, of the pipe, i.e. to d“. 

4 


IIene< 


7T 

7 tj d = ^d“ 


Conical disc valve. In Figs. 229, 230, examples of what are called conical disc 
ra/res arc shown, 'fhe essential difference between the two consists in the manner 


in which 


the valve V is guided during its rise and 


fall. Thus, in Fig. 229, 


in the fixed part of the valve called the seal or sealing, a bar or bridge B, 
forming part of the seating, passes across the. centre ; and at the middle of this 

bar, a hole of the size of the pin is made. This forms a guiding surface in 

which the pin P moves freely. The. under surface of the valve V is made conical, 
the inclination being about 4 5°, and fits .into a corresponding conical part on the 
seating. The width of the conical part is small, not exceeding or .j\f. 

The valve and seating, when of comparatively small size, arc both made 
of brass. To reduce the weight of the valve, the upper surface is hollowed 
out in a manner indicated hy the dotted curves of Fig. 229. 

Another method of guiding the valve is shown in Fig. 230 ; it consists of 
three wings or feathers , radiating from the centre of the valve. The edges of 
these feathers are turned in the lathe so that they fit quite easily and loosely into the hole in the valve 
seating. The notches, shown at N at the junction of the feathers, and the face of the valve not only 

allow a 1 letter opening for steam or water when the valve is lifted, but also provide clearance for the 

lathe tools during the process of turning and the preparation of the surfaces in the lathe. 

In all cases suitable stops arc provided to prevent the valves rising too far. 


Flo. 229. Conical Disc Valve 
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Example- Draw the sectional elevations and plans of the two disc valves (ligs. 229, 230). 



KlO. 230 .— Conical Disc Valve. Fw. 231.— India-rulilwr Flop Volvo. 


India-rubber flap valve. In this form of valve, a rectangular piece of india-rubber is held firmly by one 
end as indicated in Fig. 231. In the plan shown, one-half the guard is removed to show the seating of the 
valve. The objeet of the guard is to prevent the india-rubber from rising too far. 

Example. Draw the two views of the valve (Fig. 231). Also draw an end view. Scale £. 




2 J 

Slide valve, hi its simplest fom 
A are planed aeeurately and made 










XIV] VALVES. SLIDE VALVE. SAFETY VALVE 203 

leading to the ends of the cylinder, whilst the inner, or exhaust port, simply allows the steam to escape 
either to the condenser or to the atmosphere. 

When the valve is placed in its mid-position, as in Fig. 232, the face of the valve covers the two 
openings, or steam ports, and the exhaust is covered by the hollow part of the valve. 








gs 


Ml 


Km. 233. — Cylinder and Slide Valve. 


Excmple. Fig. 233 shows a sectional elevation of the cylinder, piston, valve, and valve-box, of 
a horizontal engine. Draw, \ full size, and complete the views shown. The details of the slide 
valve are given in Fig. 232. 
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Lap. It will be noticed that the edge of* the valve is not coincident with the edges of the steam ports, 
but projects some distance beyond. This prolongation, or projection, is called the outside lap of the valve, 

or simply the lap. In a simple form of valve, such as that 
Ej g y referred to, the lap is usually the same on both sides of the 

valve. 

In vortical engines, the lap on the upper edge of . the 
valve is frequently slightly greater than that on the lower 
edge. 

The distance that the inner edge of the valve covers the 
inner edg(*. of the port is (tailed the inside lap of the valve, or 
simply the inside lap. 

The object in providing outside hip is to ensure expansive 
working. Thus, if there, is no outside lap, then the valve 
remains open, and steam is admitted during the, whole stroke 
of the piston. With lap, the steam is only allowed to enter 
the cylinder during a part of the stroke, and the pressure is 
furnished by the expansion of the steam. 

Ki<;. 2 :u. The object of inside la}) is to ensure that the exhaust 

(doses before the end of the stroke. In this manner, a certain 

volume of steam, which remains in the cylinder, is compressed by the piston, and produces what is called 

cushioning. 

Lead of a valve. When the piston is at one end of the stroke, the distance that the slide valve has 

uncovered the edge of the steam port is called lT *e lead. Thus, ’in Fig. 234, at I, in which the valve is 

moving in the direction of the arrow, the valve has moved from its mid -position a distance equal to the lap, 
together with a distance of or distance from mid-position = J- r/ -P = 1 -tV 7 . Draw, as at V, the crank OC 
in a horizontal position; make OD- lap -plead and draw a perpendicular DB. Join B to O, then OB is the 
position of the eccentric crank. The eccentric is thus DO' -P the angle EOB ahead of the crank OC ; the 
angle EOB is called the angle of advance. * 
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Successive positions of the slide valve are shown at I... IV (Fig. 234). 

At I, steam is entering the cylinder through the port S t , the piston moving from left to right ; the 
steam from the opposite end of the cylinder is escaping to the exhaust through the port S 2 . 

The edge of the valve may uncover the steam port to a distance 0*7 w to 1 w, where w is the width 
of the port. 

At II, the valve is shown in the extreme position to the right. At III, the valve moving from right 

to left, as indicated hy the arrow, just covers the port S x ; this point of the stroke is called point of 

cut off. 

At IV, the port S. : is open an amount e<pial to the lead, the piston being at the extreme end of the 
cylinder. Steam is escaping to the exhaust through the port S r 

Zeuner’s valve diagram. The motion of the eccentric relative to the crank is made clear hy the Zouner 
diagram shown at VI (Fig. 23*1). This diagram is constructed as follows: — l>raw a circle CFAB, its diameter 
being the travel of the valve, and set off the angle of advance, EOB, on the opposite side of the vertical 
as shown. 

Produce BO to F, and on OB and OF as diameters describe two circles. With O as centre and radius equal 
to the outside lap, describe an are of a circle. Join O to D tile point of intersection, and produce to A. Then 

A is the position of the crank when admission of steam takes place. Similarly, C is the point at which the 

steam is shut off. 

In a similar manner, with centre O and radius equal to inside hip, describe an arc, of a circle. Joining 
O to the points of intersection and producing to cut the circle, determine two points R and K. At the former, 
lilt 5 *, valve is just opening to exhaust, and therefore R is called point of release. At K, the value is just 
(‘losing, and this is called the point of compression. The four points : admission, cut off, release, and compression 
may be clearly made out by drawing the diagram to scale. 

Air pump valves. Air pump valves are made frequently of india-rubber. The material has to be 
prepared specially to resist the action of the mineral oil used for lubricating purposes. 

Sheet metal is also used largely for the purpose. In this form the valves may he made very light, 
and they have the advantage that they are not affected by grease. Valves of this type are shown 
in Fig. 237. 


t 
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India-rubber disc valve. This form of valve is shown in 
Fig. 2.15. Jt consists of a flat cylindrical disc of india-rubber, 
R, "resting on ft perforated seating S. A perforated guard 
G will allow the india-rubber disc to move through a certain 
definite distance ; thus the pressure of the fluid will cause the 
india-rubber to move against the guard. Any pressure in the 
return direction causes the disc, to assume its former position 
and thus to close the opening. The grating ensures that 
the disc is not forced through the opening. Valves of this 
kind open and close quietly. 

Examjt/e. Draw the two views of the india- 
rubber disc valve (Fig. 235). Scale half size. 


Metal flap valve. This type may be a hinged valve as 
in Fig. 230. The valve is placed in a pipe as shown and 
will allow water or other fluid to pass in one direction, but 
will prevent effectually its return. The valve consists of a 
rectangular brass plate resting on a brass seating ; the seating 
is held in position by wooden wedges W, W, (Fig. 236). The 
enlarged portion of the pipe, in which the valve works, is 
called a valve ho x. A cover is provided, as shown, to effect 
renewals or repairs. 

Exam/ple. Draw the three views of a metal flap 
valve (Fig. 230). Scale half size. 


« 


VALVE. 
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Air pump bucket. In Fig. 237 is shown 
a sectional elevation and incomplete plan of the 
bucket used in Edward’s air pump. There are 
four K bighorn's valves, made of thin sheet 
metal. Those, nearest the grating are perforated 
usually to allow any fluid that may enter 
between the surfaces to escape. The guard 
also is perforated for a like reason. The air 
pump rod is fastened to the bucket by means 
of a box vvt , N, in which one end of the nut 
is closed to preserve the bolt from corrosion. 

Example. Draw and complete the 
two views shown of an air pump bucket 
(Kig. 237). Scale half size. 

Standard plug cock. Water or plug cocks 
are used to open or close a pipe for the 
passage of water or other fluid. The valve is 
made of a taper form — the frustum of a cone 
— and fits accurately into a hollow conical 
easing. The passage for water or other fluid 
is formed through the plug by rotating it. 
When the holes in the plug are in contact 
with the metal surfaces of the casing the cock 
is closed. Four views are shown in Fig. 238. 
Adjustment is provided by means of the gland 
bolts and the screw S at the base. 

Example. Draw, half size, the four 
views of a plug cock (Fig. 4 238). 
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Kiu. 239.--8top Valve.*' 





ALVES. SLIDE VALVE. SAFETY VALVE 


R&msbottom double safety 
valve. Fig. 240 shows a 
sectional elevation and plan 
of a safety valve ; the two 
disc, valves are each 2" 
diameter and are placed 
f)£" apart. Tlic valve faces 
are t made flat instead of 
conical — the width of each 
face being about The 
valvas arc held down by a 
helical spring made of 
square steel. The pressure 
on the valves is regulated 
by the nut N. By means 
of the lever L either one or 
the other of the valves can 
be relieved to ensure that 
no jamming occurs. 


MU L 

ml 


2 Radius 


121 


m 


m- 












Flu. 240 . Safety Valve. 


Example. Draw sectional elevation, plan, and end view of safety valve (Fig. 240). Spring, 
outside diameter ; made of " square steel, pitch of qpils $ /7 . Scale half size. 
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Begotatm* or throttle relye. This form of Volvo (Fig. 241> i. njm «1M an "l* 

are two valves either of equal or nearly equal size. The downward pressure ot the steam 
balanced by the upward pressure on the other. 

Example. Draw the two views of the throttle valve (Fi- 241). Make any necessary corrections 
in the two views. Scale halt size. 
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EXERCISES. XIV 

1. Give sketches showing the construction of a conical metal lift or puppet valve and seating Show 
how the valve is guided in its movement and how the height of the lift is limited. 

2. Sketch a slide valve in mid-position to the following dimensions: Exhaust port, 3" wide; bars, 
1" wide; steam ports, 2" wide; outside hip, U". Sketch also the same valve at the commencement of the 
stroke with lead. 

*3 Show, by’ sketches, the construction of a slide valve for a steam engine. Show how the valve rod 
is secured to the valve, mentioning the conditions to he observed in this part of the design. 

4. What should be the lift of each of the valves of the pump (Fig. 24(5) so that the sectional area of 
the water passages may not be obstructed ■ 

5. With the aid of sketches, describe the construction of some kind of screw-down stop valve in which 
the seating is made of soft metal which is arranged to be readily renewable. 

6. With the aid of sketches, describe how the valves of the air pump of a condensing steam engine 
are fitted (l) when made of india-rubber, (2) when made of thin flexible metal. Compare the relative 
merits of the two. 

7. Give sketches showing the construction of any form of turn-cork for shutting off water or steam. 
.When, after use, it leaks, point out where the ill fit generally occurs, and describe how you would refit it. 
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8. Valve- rod -end and link-block. The diagram (Fig. 242) shows the details of the end of a valve rod, 
which is to be coupled to a block also shown, designed to fit a double bar link. Do not draw the parts 
separated from one another as in the diagram, but draw all the parts in their proper relative position. 
Scale half size. [B.E.] 
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10. Draw, half size, the two views of the slide valve for a steam engine (Fig. 244). 



Two nuts, ecu*, thick., VficUam,. across corners 
Split/ pin/, pi diameter. 


Fid. 244. — Slide Valve. 



■jy 10 *usrrpfrg 
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11. Two sectional views of a steam engine cylinder arc given in Fig. 245. Complete tlie two views 
shown. Seale Insert some suitable form of valve and piston. 



Fio. 24f>.— Steam Engino Cylinder. 
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12. Draw and complete the sectional elevation and plan of a double-acting pump (Fig. 24G) showing 
the valves and piston placed in position. Scale [B.E.J 



Fig. 247. - Foroo Pump. 


The dimensions arts 
flw&v m nvdhmetres. 


13. Draw the two views shown (Fig. 247) of a pump for forcing water. Scale full size. [B.E.] 







CHAPTER XV. 


MATERIALS. 

Ix is only possible in these pages to give brief notes of a few of the more important materials used 
by engineers. For more detailed information the reader is ' referred to larger books dealing exelusivcly 
with the subject. 

Iron. Using the term in its general sense to include east iron, wrought iron, and steel, iron is chiefly 
obtained from iron ore. This ore consists of iron in combination with oxygen and carbonic acid, the com- 
pound being mixed with earthy matters, such as day, etc. 

The chief characteristics of the three varieties of iron may be said roughly to depend on the amount 
of carbon present. Thus cast iron, a compound of iron and 2 to 5 per cent, carbon, is easily melted 

and can be run into suitable moulds. The material is brittle; and the surfaces formed by brcaking.it 

are of a crystalline texture. Wrought iron is cither pure iron or iron containing a very slight amount 
of carbon ; it is fibrous and ductile and can be welded ; it is used for shafts, bolts, etc. It may be 
magnetised rapidly and very quickly loses its magnetism; it is therefore used for making electro magnets.* 

Steel. Hie •materials included under the general term steel vary from mild steel, a mixture of pure 
iron and about } per cent, carbon and closely resembling wronght-iron, to tool steel, consisting of iron with 
1 to 1 '5 per cent, carbon. Tool steel, when made hot and suddenly cooled, becomes very hard. Its 
hardness may be removed partially by reheating and by the process known as tempering described on 
p. 227. When made lot and allowed to cool slowly steel remains soft. 

Steel of this kind can not only be . tempered but can also be permanently magnetised. Mild steel, 
containing less than 0'5 per cent, of carbon, cannot be tempered. 

Between the extremes referred to there are a large number of varieties of steel. 

* The three metals described are t of great importance fo an engineer, and it is necessary to enter into 
more detailed explanation. , 
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Oast iron. •• The materials included under this general term vary to a great extent both in appearance and 

strength. Cast iron is obtained from iron ore by smelt ivy. During this process a flux — usually consisting 

of lime — is added. This flux serves the purpose not only of promoting the fusion of the ore, but in addition 
combines with some of the early matters to form a fusible glassy substance called slag. The metal in its 
molten state 1 - is run into a scries of shallow grooves and is afterwards broken into lengths of two or three feet, 
known as pig iron. The material thus obtained contains from 2 to 5 per cent, carbon and many impurities, such 
as silicon, phosphorus, sulphur, and manganese, which may to a great extent be eliminated by repeated processes 
of remelting, the (juality of the iron improving with each remelting up to roughly about the fourteenth time. 

Moulds and patterns. Patterns made of wood or metal of the exact shapes of the objects required are 
used to obtain east-iron objects. These patterns are embedded in foundry sand rammed tightly so that 
when the pattern is removed an exact shape is left in the sand. This is called the mould . Molten metal 

is poured into such a mould and allowed to cool- a process known as foundin') or cast nig. When suffi- 

ciently cooled the castings are removed from the sand and cleaned. This process is called fettling. 

The great and uncertain stresses in the material, which may be induced during the process of cooling, 
constitute one of the great objections to its use, and its place is being taken rapidly either by wrought 
iron, mild, or east steel. The contraction during the process of cooling varies from to per foot. 

The materia] is also liable, to have what are called blow holes , formed by gas bubbles , beneath the surface, 
which obviously reduce the soundness and strength of an object. 

The soundness of an object may be in many cases ensured by casting the object under pressure. ^This 
is effected usually by placing the mould in a vertical position with some additional metal called a head 
above it. The. lighter impurities, dross, etc., together with air or gas bubbles, ascend into thi 0 part, which 
is afterwards cut off. 

The different varieties of cast iron are designated by iron merchants usually by the numbers 1, 2, 3..., 
the higher numbers denoting tin* whiter and harder kinds, and the lower numbers the greyer or softer 
irons. The whiter kinds are. hard and briule, .ml are, therefore, not often used for castings, in which' a 
considerable amount of stress is likely to occur, or which have to be subjected to extensive operations by 
workshop tools. These whiter kinds of cast iron are called forge irons , or forge jrigs, and are used chiefly 
for conversion into wrought iron. Tu these whiter kinds 'the carbon is in chemical combination with the 
iron, but in the greyer varieties, known as foundry irons , or foundry pigs, only a small proportion of tht 
carbon is in chemical combination, while the remainder exists in the fr$e state, simply mixed with the iron. 
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Machine details and the frames of machines are made of cast iron frequently on account, of the facility 
with which an object- even of complicated form can be cast. For a similar reason, together with the com- 
paratively great strength in compression of the material, columns and pillars are in many cases made of east iron. 

Malleable iron. The brittleness of small cast-iron objects may be removed partially by heating a casting 
to a bright red heat and keeping it for some time in contact with powdered red hematite, which consists 
chiefly of peroxide of iron. In this process the carbon is partially burnt out; the material is toughened 
and converted into what is called malleable iron , resembling to some extent wrought iron or steel. 

Chilled castings. When molten metal is cooled rapidly in a mould, it is found that some of the free 

carbon disappears and white hard east iron is formed. This property is utilised in eases where some 

particular portion of a casting is required to be made harder than Mlie remainder, as, for cxumplc, the 
points of conical iron shells. In such cases the mould at the part requiring to he made harder than the 
rest usually consists of a thick block of cast iron. In this manner the casting in contact with the cast- 
iron block is cooled very rapidly and becomes extremely hard to a depth varying from about one-eighth to 
half an iucli. The surface in contact with the molten metal is protected by a wash of loam. 

Ultimate strength and safe stress. The ultimate or breaking strength of east iron is usually taken to be 

from 40 to 45 tons per square inch in compression, and from to 10 tons per square inch in tension — a ratio 
of aljout 6 to 1. The average shearing strength is about 12 tons per sq. in. 

The material may be made to take complicated shapes by casting in suitable moulds. It is of the 
utmost importance that the cross-section shall be as uniform as possible ; when this is not the case the 
thinner parts* cool first, and, in consequence, initial and unknown stresses due to unequal contraction may 
exist in the metal. The magnitude of these is sometimes so great that fracture may occur either before 
the casting is removed from the mould or during the subsequent workshop processes. It is necessary in 
order to prevent this tendency to fracture that all sudden variations in thickness and sharp corners shall be 
avoided, and that the cross-section shall throughout be as uniform as possible. 

In cast-iron girders this uniformity of thickness is to some extent ensured by taking working stresses 
in - compression' and tension to be as 4 to l instead of G to 1. This gives as the safe working stress 6 tons 
per sq. in. in compression and 1^- tons in tension. The cross-section of a cast-iron girder is made usually 
eff the same thickness throughout. When, as m Fig. 249, the upper flange is made thinner than the lower, 
then the web W is made taper as sKown, the areas of the twp flanges are as 4 to 1. 
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What are known as stiffener* are inserted sometimes at distances of about 4 feet along the length 
to ensure lateral strength. One of these is shown at S (Fig. 249). 



Fia. 249. — Cast-iron ( Jirder. 


Example . Draw cross-section and elevation of about 4 ft. of a 
cast-iron girder, 18 feet long. Scale \ (Fig. 249). 

Wrought iron. Wrought iron is used for a variety of purposes 
including the making of shafts, bolts, nuts, etc. It is employed also for 
machine parts requiring strength and toughness. The material is obtained 
front cast iron by the processes of refining, puddling, shingling, and rolling , 
in which the greater part, or the whole, of the carbon and in addition many 
other constituents, such as phosphorus, etc., are eliminated. 

When the metal is heated to a sufficiently high temperature in the 
presence of air, the oxygen of the air combines with the carbon forming 
an oxide of carbon, and when this is driven off the result is either pure, 
or nearly pure, iron. The mass of white hot metal is next worked under 
the hammer — an operation known as shingling — and finally passed through 
suitable rolls. 


The fibrous character of the material and its tensile strength are found to depend upon the amount of 
rolling that the material receives during the process of formation into bar iron, and the following nnmes 
used to designate various qualities of iron indicate primarily the amount of rolling the material has 
received. Thus, Puddle bar denotes iron which has only been rolled once ; Merchant bar is formed 
from puddle bar by reheating and rolling. In both these cases the bars produced are of inferior quality 
and cannot be welded easily. By continuing the process, Best bar is prepared from Merchant bar. 


Ductility. One of the most important properties of wrought iron is its ductility , or the amount of 
stretching that Occurs before fracture of the mat rial takes place. Thus, the best qualities of wrought iron 
will stretch from 20);' to 2, r )% in a length of 8" before breaking with a contraction of area at fracture usually 
not less tlmn 40 per cent. 

Welding. Unlike east iron, in which two separate pieces cannot be welded together, two surfaces <$f 
wrought iron can be hammered or pressed together when the metal is. at a white heat (about 1600° F.) so 
as to form one piece of material. Also, it cannot be cast f at high temperature it assumes a pasty condition. 
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Ultimate strength and safe stress. The ultimate or greatest tensile strength of the material depends 

upon the qualify of the iron ; but ordinary good material will bear from 20 to 25 tons per sq. in. The 

greatest compressive strength varies from 1 (> to 20 tons per sq. in. The safe working stress is obtained by 
dividing these values bv a number or factor called the factor of safety. Thus, if the factor of safety be 5, 
then the safe working stress is about. 5 tons per sq. in. in tension and 4 tons in compression. In many 

cases, for convenience in calculation, 10,000 lbs. per sq. in. is used instead of the preceding value both 

for tension and compression, and 0,000 lbs. per sq. in. for shearing. 



Fig. 250.- United Iron O inter Fig. 251. -Plato O inter. 


In the case of a wrought-iron girder the two flanges are usually equal in size (Fig. 250), and they 
are known as rolled iron girders in this form. 

- Example . Draw, half size, the cross-section of a rolled iron girder (Fig. 250). Also draw an 

elevation showing about 3 feet of the length. 

In plate girdevs each flange consists of one, two, or more plates joined together by angle irons and rivets. 

Example . Complete the two views shown in Fig. 251 making the elevation about 5 feet long. 

Scale 
oju.c. 
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Effects produced by vibration. It is found that continual vibration tends to reduce the fibrous structure 
of wrought iron to a more or less crystalline material resembling cast iron. Shafts, etc., subjected to 
intermittent stresses arc liable to fracture. The effects referred to, and 'known as fatnjne of maUwials, 
are particularly noticeable in the fractured surfaces of crane and other chains which have been in use 

for some considerable time. The iibrous nature of the material may be restored by the process of 
annealing, in which the material is heated to a ml heat and allowed to cool slowly. 

Case hardening. The surfaces of \v rough t-iron and cast-iron objects, after they are finished by machine 
tools, may be hardened by heating the object to a red heat, then coating the surfaces to be hardened 
with powdered yellow prussiate of potash and quickly cooling in water. A similar result is obtained if, 
when the surfaces are heated, they art 1 kept for some time in contact .with carbonaceous substances, * such 
as bone dust and cuttings of horn and leather. In this manner the outer surfaces acquire sufficient 

carbon to convert the surface for a comparatively small depth into steel. The depth to which the hardening 
extends depends on the time during which the process takes place. 

Steel. Steel may be obtained either from cast iron by eliminating some of the carbon in it, or from 
wrought iron by adding carbon to it. The term steel includes materials which differ from each other 
very materially in many respects. These differences are produced chiefly by .the varying percentages of 
carbon. The "softer kinds containing 0*15 to 0*2 per cent, of carbon are used for bridge work, etc. 

Plates containing 0*25 to 0*3 per cent, are used largely for boiler plates, etc. The material resembles 
wrought iron in many respects, having the same facility of welding, equal toughness, and greater strength. 
Such steel cannot be hardened. 

The harder qualities of steel contain more carbon, i.e. from 0*3 to 1*5 per cent. These have less 

toughness than the softer kinds, but much greater strength. The harder the steel is to be made the 
more carbon it should contain. Thus, razor steel, which becomes very hard and can be made to take a 
very keen edge, contains 1*5 per cent, carbon. Tool steel, which does not become so hard as the razor 
steel and can with care be welded, contains i.‘ per cent, carbon. When the steel contains 1 per cent, 
carbon it is called chisel steel. This steel admits of a good cutting edge, and the steel is also strong 
and tough. Steels containing less than 07 per cent, carbon arc not used for tool making. 

i 

Manufacture of steel. Steel is made by what are known as the Siemen's- Martin, the Bessemer , aifd 
the Cementation processes. The cementation process is used for high carbon steel. 
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In the Siemens- Mar tin process, the pig-iron is melted in a 8i emeu’s gas furnace and the amount of 
carbon necessary is obtained by adding dean iron ore, scrap iron, etc., containing the requisite amount. 

In the lies senior process, the molten metal is poured into a converter and a blast of air forced through 
it. In this manner the oxygen of the air combines with and carries away the carbon in the form of carbon 
dioxide, and also results in the removal of many of the impurities, such as silicon, manganese, etc. Finally, 

sufficient cast iron of the whiter kind, called sjnegelei,sen y is added to give the exact amount of carbon required. 

In the Cementation process, bars of pure wrought iron and broken charcoal are heated to a red heat 
and kept at that temperature for several days. The steel produced in this manner, after undergoing the 
hammering process, is known as shear steel and is used largely for tool making. 

JVTild steel is from 20 to 25 per cent, stronger than wrought iron, and, on account of the ease and 
facility with which it can he made, it is now used very largely for the various parts of engines, machine 

tools, etc. The steel used for boiler work has usually a tensile strength of from 27 to 30 tons per sq. in., 

with an elongation of about 20% in a length of 8". 

Nickel steel Contains 7 to 30 per cent, of nickel. Tensile strength 40 to 45 tons per sq. in. 

Hardening. One of the most important properties of steel is that known as hardening ; i.e ., when a 
piece of the material is heated to a red heat and cooled by immersion in water, it becomes extremely hard 

and brittle. The degree of hardness depends upon the composition of the steel and the rapidity of the cooling. 

Tempering* Closely associated with the hardening properties of steel is that known as tempering. Thus, 
a cutting tool of any kind — such as a chisel — would, if made red hot and slowly cooled, remain soft so as 

to be cut easily by a file. If made red hot and cooled quickly it becomes very hard. Its hardness may be 

reduced to any extent by the process of reheating. This process is called tempering. 

A common practical method adopted for hardening tools is to make as much as may be necessary red 
hot and suddenly to cool tlie cutting edge by immersing it in water, afterwards allowing the temperature to 
increase by the conduction of heat from the other and thicker portions of the cutting tool until it reaches 
the necessary “temper” required. When this occurs the whole is cooled, to fix, or to set the tool. 

# One process of tempering may be illustrated by the method adopted to temper a fitter’s chisel. The 
chisel is 'heated to a red heat, to a distance of say three or four inches from the cutting edge, and then 
partially * cooled by immersing the cutting edge to a depth of » about an inch in water. The cutting edge is 
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next rubbed on a piece of stone so that, the colour of the film can he clearly seen. As the heat is conducted 
by the. metal, the change in the colour of the film indicates roughly the. degree of hardness. Thus, il when 
the colour changes from a pale yellow to a straw colour it is immersed in water, the tcnqjer would cor- 
respond to that used for razors and instruments of a similar kind. If the cooling be allowed to continue, 
the colour of the oxide would alter from straw to (a) brown, (/>) purple, (r) blue. The first (") would be 
suitable say for a chisel; the next (b) for wood turning and many other tools; and (c) for watch and other 
springs. Where elasticity is required the blue colour is also suitable, for various tools, such as saws, etc., 
which require to be sharpened from time to time by files. Such tools are, however, frequently tempered to 
a suitable degree of hardness by heating and immersion in an oil bath. As already indicated, it the cooling 
be allowed to proceed slowly, then, when cold, the material can be operated upon by cutting tools as readily 
as wrought iron, a. material which it closely resembles. 

Oast steel. St, eel is fusible and objects of if can be. cast. Hut-, unless the casting is made under • 
pressure, the object is porous and contains numerous cavities. 

Whitworth fluid compressed steel. Sir .1. Whitworth has overcome this difficulty by subjecting the metal 
to greet pressure whilst cooling in the mould. The. steel produced by this process has a tensile strength 
from 30 to 40 tons per sq. in. 

Lapping. When two surfaces of unequal hardness are pressed together, and one surface is made to slide, 
over the other, friction between the two may result in the. cutting or abrasion of the softer surface. The 

harder surface only suffers slightly, unless particles from other sources arc embedded in the softer surface 

and act, as cutting tools. In the operation of lapping, emery, or other very hard substance, is pressed into 
a softer one such as lead, the lead merely acting as a holder for the cutting material. 

In a similar manner, in polishing and in cutting hard rock sections, diamond dust is pressed into the 
softer surface of an iron disc or wheel. 

Friction. Friction may be used as a means of transmitting motion. Examples arc to be found in belt 

and rope gearing, and in friction clutches of various kinds, etc. In all such eases the object usually aimed 

at is to make tiie frictional resistance as great as possible.. These cases are considered in Chap. VI. 

The object of a machine, may be defined to be to control or to utilise energy for the purpose of doing 
useful work. As all machines are more or less imperfect, it part only and in some cases a considerable part 
of the available energy is wasted in various jvays. i.<\ in friction between the rubbing surfaces, friction of 
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the air, etc. It in of course of primary importance to diminish as far as possible the friction between two 
surfaces and in this manner to reduce the loss of energy to its smallest possible amount. 

It is a matter of common experience that when two surfaces which may be apparently smooth arc 
pressed together they cannot be moved without the application of force. This is necessary to overcome the 
roughness or unevenness of the surfaces in contact. The surfaces, although apparently smooth, may be 
assumed to consist of a large number of minute projections which exist on the surfaces, and the friction 
experienced is probably due to the interlocking which occurs when the surfaces are pressed together. 
Friction between two surfaces is therefore a force acting in the opposite direction to actual or possible 
motion, and may be either sliding or rolling friction.. It is easy to verify that much less resistance is 
offered to rolling than to sliding friction. Thus, a heavy block of stone which may offer great resistance to 
a push or pull may probably be moved <|uite easily when placed upon rollers. It is for this reason that 
friction wheals are provided, that vehicles are furnished with wheels, and that ball bearings are. used in 
cycles, etc. 

Measurement of friction. When two surfaces are placed horizontally, the ratio between the force keeping 
the surfaces in contact and the force necessary to move one surface over the other is called the coefficient 
of friction for the two surfaces in contact; it is usually denoted by the letter In many cases, the force 
referred to is simply that due to the weight of the moving body, and if F denote the* force, W the weight 

of the moving body, and n the coefficient of friction, then the relation is 

F = /a W. 

It will be obvious that much will depend on the nature of the surfaces in contact. These may be 
what are termed smooth, rough, or any intermediate stage between these extremes. The coefficient of 
friction can only be expected to give, in any actual case, a fair approximation. The ordinary so-called 
laws of friction which are approximately true within certain limits are ; 

1) friction is directly proportional to the pressure between the surfaces; 

2) is independent of the extent or area of the surfaces in contact; 

3) is independent. of the velocity. 

Friction may be reduced by making the surfaces in contact exceedingly hard and as smooth as possible. 
There are many reasons why such a process is not always practical, such as the great expense it would 

intail, etc. Hence, other and simpler, methods are used. Thus, the surfaces in contact may be made as 

smooth as possible and of ample size to diminish the intensity of the pressure. Another method is to use 
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different metals for the two surfaces which work together, uud by the use of various lubricants to prevent 
the surfaces actually coming into contact. 

For example, the journal in a rotating shaft may be of steel or of wrought iron, while the bearing 
in which it rotates consists of some kind of alloy. This plan serves the double purpose that the loss by 
friction is reduced, and that the wear c.li icily occurs in the small steps. Bushes, or brasses, of a bearing 
are of comparatively small size and when worn can be replaced easily. he use of a lubricant is to 
introduce a thin film between two smooth surfaces, and in this manner to prevent actual contact between 
them. If, however, the pressure between two surfaces is too great, the lubricant may be squeezed out and 
the two metals come into contact. AY hen this occurs, what is called wising takes place, and the two 
metals adhere so closely that usually considerable force, is necessary to effect a separation. 

Copper. This material, easily recognised by its characteristic reddish colour, is of great importance to 
the engineer. It. is malleable and ductile, not only at ordinary temperatures but also at a red heat, and' 
therefore can he worked either hot or cold. It is largely used for pipes which require to be bent to 
shape when cold, also in firebox plates, etc., where its power of resisting heat is of great value. It is a good 
conductor of heat and electricity. The. ultimate tensile strength of cast, copper is about 10 tons per sq. in. 

Alloys. What arc known as uf/m/s are used for a great variety of purposes, including the rubbing or 
wearing parts of bas/ir.s, s/rgs, etc.., of rotating pieces, for the sheathing plates for ships, for the tubes for 
locomotives, for boilers, for water cocks, for valves, and for hydraulic purposes generally. The material for 
casting in sand moulds must, when molten, be sufficiently liquid to be capable of sharply entering and 

registering faithfully the. most minute details of the mould. In addition, brass castings have often to be 

8uhjectcd°to hydraulic tests, and the castings must therefore be free, from what are called “pinholes.” 

Alloys consist of varying proportions of copper, tin, zinc, etc. It is possible here only to give a brief 
list of the more important, and to state fairly average values of the constituents. For more detailed 
information works dealing with this subject alone must be consulted. 

Brass. The. term l»‘ass is usually taken to apply to those alloys of which copper and zinc are the 

chief and essential constituents. The range is a wide one; i.e. copper 90 to 35 per cent, and zinc 10 to 

65 per cent. Many of these alloys, as will be seen from the following list, receive somewhat fanciful names. 

The com posit ion of brass for ornamental work varies from 90 per cent, copper, 10 per cent, zinc to, 
80 per cent, copper, 20 per cent. zinc. 
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Brass containing G5 to 70 per cent, copper and 35 to 30 per cent, zinc is largely used for rolling into 
sheets, drawing into wire, and is also used for steps, valves, cocks, etc. 

Zinc is of a bluish colour. It is a malleable and ductile material and forms a constituent of several 

forms of alloys. It is used in the process of galvanizing iron and also for a variety of other purposes. 

Aluminium is a whitish metal which is malleable and ductile. It is extremely light compared with 
other metals, its specific gravity is 2'6, or about l that of iron and steel, its tensile strength is low, 
varying from G to 14 tons per sq. in. 

Muntz metal contains about GO per cent, copper and 40 per cent, zinc ; in some cases one per cent, of 
lead is added. It is used for the tubes of locomotives, the sheathing plates of ships, bolts, studs, e^c. 
Plates of this kind do not corrode readily. The thin coating of zinc which forms on the surface prevents, 
too, to some extent, the attachment of barnacles Tensile strength about 20 tons per sq. in. 

Naval brass has usually a composition of copper 70 per cent., zinc 29 per cent, tin 1 per cent. As its 

name implies, it is extensively used in marine work for bolts, spindles, nuts, etc. 

Gun metal or bronze. Alloys in which copper and tin are the chief constituents are usually known as 
gun metal or bronze. The hardness of the metal depends upon and increases with the percentage of tin. 
Thus, a composition of 90 per cent, copper and 10 per cent, tin would correspond to a soft bronze, whilst 
82 per cent, to 18 per cent, forms a hard bronze. Jn some cases a little zinc is added. Thus, the Admiralty 
specification for gun metal is 88 per cent, copper, 10 per cent, tin, and 2 per cent. zinc. 

Phosphor bronze is an alloy consisting of copper and tin together with a small proportion of phosphorus. 
Unlike ordinary bronze, it can be remelted without deterioration of quality. Tensile strength 20 to 30 tons 
per sq. in. 

Babbit’s metal. This anti-friction metal is largely used for lining the bearing surfaces of cast iron, 
steel, or .brass bushes. The composition varies from 5 per cent, copper, 8G per cent, tin, 9 per cent, antimony, 
to 9 per cent, copper, 82 per cent, tin, and 9 per cent, antimony. The friction in a rotating piece is 
reduced by its use, hnd it is therefore used for bearings, connecting rod ends, etc. The material is 
comparatively soft, and must be supported in shallow trough-shaped recesses (Fig. 210). 

• Delta metal. Is a brass alloy containing a proportion of iron, tensile strength 22 to 35 tons per sq. in. 
It can be worked hot or cold. 
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EXERCISES. XV. 


1. State the characteristic properties of brass, cast iron, and wrought, iron. Mention several examples 
of machine details in which the metal used is selected on account of the possession of certain of these, properties. 


[B.E.J 


2. Wind is the composition of the soft alloy used for bearings known as white metal ? State the 
advantage's due to its use, and show by sketches how it is attached to the brass or gun-metal steps of a 
bearing. [B.E.] 

3. Name the material you would use in the construction of (a) a lathe bed; (/>) the plunger of a 
water pump; (r) a steam boiler, in each case give reasons for your answers. 

4. Clive an instance in which some portion of a machine is case-hardened. Describe liow the process of 
case-hardening is performed, and how the hardened surface is made accurate and smooth. [B.E.J 

5. Describe the manufacture of malleable iron. 


6. As an example of hardening and tempering, explain the process of making an ordinary chipping chisel, 

7. Why arc wrought- iron girders preferable to those made of east iron? Sketch a section of a wrought- 
iron and also a cast-iron girder. 


8. (live sketches showing two instances, differing as much as possible from one another in construction, 
where rollers are used in machines for the purpose of diminishing friction. 

9. The flanges of a plate girder arc 7 rf x J", the web 1 G" x Jj ", angles 3" x 3" x V\ rivets diam., and 
4" pitch. 

Draw a cross-section and a portion of the elevation of the girder. Scale 


MISCELLANEOUS EXERCISES XVI. 

1. Elevation and plan of a bracket for supporting a pair of shafts at right angles to one another, 
connected by mitre wheels (Fig. 252). Draw the elevation' and plan, the wheels and shaft being shown flh 
place. Scale full size. [B.E.J 
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2. Guide bracket for a valve-rod. Draw 
and complete the views C and D (Fig. 253). 
Draw also a front elevation, projected from C 
as seen when looking in the direction of the 
arrow. Scale -ftlis. Make a tracing of the three 
views. [B.E.] 


Plfi. 2SS. — (Jiiifln 1iriu»kf»f fnr Vo.lvn.tw1 
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3. Hydraulic press. The diagram (Fig. 254) shows three views D, E, F of a press cylinder, and 
detached views of the cross-head plunger gland, etc. You are required to fit the parts together, and 
instead of drawing view D in outside elevation as shown, to draw a section taken through the centre ox the 
cylinder ; also, in "place of view E, draw an outside view when looking in the same direction. Scale [B.E.J 





CHAPTER XVI. 

ENGINEERING DRAWINGS. 

It may be advisable to give a brief summary of the various points -many of which have already been 
referred to in the preceding pages- that must lie attended to in order to produce a working drawing of 
good style and finish. 

(a) In commencing a working drawing the centre lines should be drawn first. Care must be taken 
that the lines forming the drawing are equidistant from these lines. 

(b) Although pencil lines may be set out of an indefinite length until the various dimensions are 
obtained, these must Ik*, made finally to terminate exactly at the points intended. This rule applies to all 
drawings either in pencil or ink. 

(<') All the lines of a drawing should he firm and of uniform thickness. These lines, together with all 
the curves, should be drawn by the* aid of instruments. In inking in, all lines should be perfectly black. 

(c/) Circles and curves touching lines should do so accurately; the point of contact should not be 
noticeable* by the curve failing to touch the*, line. 

(c) Jt, is easier to draw a line* to touch a curve than conversely, lienee, in inking in, the circles should 

be inserted first, then the straight lines, and finally any curves requiring the use of a guiding curve?. 

(/) Nation lines should he equally spaced. If a Hat wash of colour is used, the drawing hoard should 

be*, placed at a slight slope and the colour put on quite evenly beginning at the upper and working towards 
the lower parts of the drawing. Small pools of colour must not be left on any portion of the drawing. 

(</) The*, letters and figures must be clear, well formed, and so arranged that all can be read without 

altering the position of the drawing. The* arrowheads at the ends of dimension lines must termiifate at 

the lines to which they refer. 

It should bo noticed that no written instructions can replace practice and experience; but attention to 
the*, preceding hints will tend to lessen some of the many failures which arc so frequently noticeable in # 
the work of those beginning the subject. Some of the more important points may be appreciated by 
comparing the two drawings of a piston (Fig. 2fc5). 
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Use of squared paper. 



Fiu. 52SO. 


It will be noticed that when the area of cross-section of a bolt is given, or when 
it has been found by calculation, that its diameter together with the propor- 
tions of the bolt-head and nut can be obtained from tabulated values, such as 
those in Table V. 

A simple relation between the diameter d and A v the sectional area at 
the bottom of the thread, for bolts in common use (say from J" “to lg-"), may 
be obtained as follows : 

Plot on squared paper numerical values of d 2 and A r The line which 
passes evenly through the plotted points (Fig. 256) passes also through the. 
origin O. The equation of the line may be written in the form 

Aj — cd 2 ... (l). 

The value of the constant c is simply the slope of the line, i.t\ its value may 
be obtained by substituting in (1) the values of A x and d 2 for any point in 
the line. 

Thus, at f, the values of A x and d 2 are 1*1 and 2*0, respectively. Sub- 
stituting these values in (1) we obtain 


l i - cx 2 ; 

c = n=°,5. 


Hence, A, = 0-55d*. 

The section/d area of the holt is 0*7854d 2 , and as 0*55 = -fo x 0*7854 the relation is 

Ai = y 0 A, 


or the sectional area at the bottom of the thread — area of bolt. 

dt “ ; 

d-lW, . 

or the diameter of the bolt = 1 \ diam. at the bottom of the thread. 
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Thus, when ch the diameter at the bottom of the thread is known, it is only necessary to add )di to 
obtain the diameter of the bolt. 

The relation between di and d could also be found by plotting values of d! and d from Table V. 

The relations given on p. 51, connecting the diameter d with the width across the flats and the distance 
across the corners for nuts and bolt-heads, may be obtained by plotting the values given in Table V. 

The relation between d, the dia- 
meter of a rivet, and t, the thickness 
of the plate, may be found by plotting 
numerical values of d and J t. The 
numerical value of c in the relation 
d = cjx is then found as on p. 31 to be 
1*2, and the relation is d = l‘2>/t. 

The various linear relations con- 
necting the size of the key and the 
diameter of the shaft, the proportions 
adopted for couplings, pipes, etc., may 
be obtained also by using squared 
paper. 


Lancashire boiler. If the dia- 
meter is 7 ft. G in., pressure of steam 
90 lb. per sq. in., safe stress 5 tons 
per sq. in., the thickness of the shell 



Fios. 257, 2f)8. — Lancashire Boiler. 

A. Adamson ring : G.T. 0 alio way tubes ; M. Manhole door. 


plates may be obtained by the formula on p. 38, and the size and pitch of the rivets as on pp. 

Th^ pressure on the end plates is very great. Thus, if each flue (F) is 3 ft. diameter, 

Pressure on end plate = ^(7*5 2 — 2 x 3 2 ) x 90 x 144 -*• 2240 =f 173*8 tons. 

The method of staying by gusset stays (G) and bar stays (B) is shown in Figs. 257, 258. 
drawings on pp. 43, 57. 


31, 36, 37. 


Detail 
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Water tubes. The effective heating surface is increased, a better circulation of the water in the boiler is ensured, 
and the strength of the furnace tubes is increased, by tapered or parallel water tubes. The tapered form, or Galloway’s 

tubes, may be flanged at each end as is shown in Fig. 259, the hole at the 
upper end being made large enough to allow the lower flange to pass 
through. The tubes may be welded into the flues ; this arrangement lias the 
advantage that there is less fear of leakage at the joint, or of overheating at 
the riveted joints. 

The dimensions adopted arc as follows : — 

Up to 2 ft. long, diameters of ends 8 in. and 4 in. 

Over 2 ft. up to 2 ft. 3 in. ,, „ 9 in. ,, 4-A in. 

Above 2 ft. 3 in. ,, ,, 1 0A in. ,, 5.Vin. 

Furnace tubes. These are invariably of circular section, and are 
either plain or corrugated tubes of comparatively short lengths connected 
by one of the joints, or strengthening rings shown in Figs. 00, 01, 02. The 
object of these rings is to strengthen the tubes, allow for expansion and 
contraction and prevent, collapse under external pressure. 

The formula PD — 2 ft. (p. 38) for a thin tube under internal pressure 
't- ioU - can be used only for a tube subjected to external pressure when the tube 

Fm. 259 . “ -oiiiioway’H Tubes. remains always of a circular form in cross-section; hence other rules or 

formula) are used as follows : — 



(a) Fairbaim’s Rule. p J " 

LxD ’ 

P collapsing pressure lb. per sq. in.; L length in feet; t— thickness in inches; and D internal diameter 
in inches. t 

This rule is based on the assumption that the strength of a tube varies inversely as its length, an assumption' 
which is not strictly correct. The collapsing pressure given by it is found to be too great for short tubes and too 
small for long. Hence, other rules are used, such as : — 


(b) p 


4(5550t‘ Ml 
’ D x Jl ’ 


y , 90000t°* 

<’> p • (L- DO 


(Board of Trade). 


(d) 


P = 


oooot 

D ‘ 
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In any case, the safe or working pressure p found from (b) and ( c ) must not exceed that given by (d). 

Ex. JL Find the collapsing and safe pressure for a furnace tube 3 ft. diameter, thickness § in., 3 ft. 6 in. long 
(between the rings). Let P denote the collapsing and p the safe pressure. 



n 806300 xtO-m) 1 " 1 " 

P — MiM--— ,4OTIb - 

From (b) 

40650(0^75)- _ b 

36 x s /3*5 r 

„ (o) 

90000(0- 375)- _ D , n 

4 * 5 x 36 lb. per sq.m. 

„ (d) 

9000(0*375) AO _ . 
p= -93*74 lb. per sq. in. 


Corrugated Furnace Tubes. The furnace tubes of many boilers are made in one piece, and corrugated. The 
corrugations, which are placed in a circumferential direction roimd the tubes, 
make the tubes much stronger to resist collapse ; they also give considerable 
elasticity in a longitudinal direction and greater heating surface. 

In Fox’s corrugated furnace, with tubes above 2 ft. diameter, the corru- 
gations have a depth of 2 in. and a pilch of 6 in. (Fig. 260). The Board of 
Trade rule is p = 14000t/D. Where p and t have the same meaning as 
before, D ^outside diameter at bottom of corrugation in inches. 

Morison’s Suspension Furnaces. In thiB form (Fig. 261) the corruga- 
tions consist of a series of ribs, or comparatively sharp ridges, pitch 9 in., 
depth 2 in., connected by catenary curves. The Board of Trade Rule is 
<p = 13500t/D. p and t have the same meaning as before. D is the least outside diameter in inches. 

Ex. 2. If the thickness of a corrugated tube is f in., diameter 3 ft., find the safe working pressure (a) Fox’s 
corrugated Furnace Tube (b) Morison’s Suspension Tube. 



(a) 

C.M.C. 


14000x0375 

36 


— 145*8 lb. per sq. in. 


( 6 ) 


P=- 


13500 x 0 375 
36 


=140*6 lb. per sq. in. 
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Connection of Parallel Plates. The lower parts of the fire boxes of locomotives, vertical, and other boilers, 
are connected in various ways to the external shell of the boiler. Four such methods are shown in Fig. 2G2 

(IMll), (III), (TV). 

The simplest connec- 
tion, (1), which is also 
used for the openings 
around furnace doors, 
consists of a riveted solid 
rectangular bar. Tt is 
easily riveted and caulked, 
and is more generally 
used than any other for 
locomotive boilers. 

The objections to (111) 
is that sediment may 
collect in the recess R 

and cause corrosion of the plates. The form shown in (IV) is rarely used if the pressure exceeds 80 lb. per sq. in. 

Intersection of two cylinders. The intersection (or interpenetration) of two cylinders, such as the dome of a 
boiler, a main and a branch pipe, etc., is of frequent, occurrence. In Fig. 263 (1) the intersection of a main and branch 
pipe is shown. Section planes (which may be either horizontal or vertical), cutting both surfaces, furnish points 
in the required curve. These planes are most easily obtained by using two semicircles, dividing each into the same 
number of equal parts and numbering as indicated. The intersection of lines drawn through corresponding points 
determine points in the required curve. Thus, projectors from the points 0, 1, 2, 3, on the horizontal cylinder to 
intersect the lines through O', 1', 2', 3' determine the points required. Finally, a fair curve is drawn through the 
points. When, as at (11), the two diameters are equal, the curve of intersection found as in the preceding case con- 
sists of two straight lines at 45° to the axis of the p'., e. If the branch pipe were made of sheet metal, it would be 
necessary before bending to the circular shape to cut the metal to the required form. This is effected by obtaining 
the development. 

Draw a st raight line EG equal to the circumference of the smaller pipe (p. 83) and divide EG into twelve equal 
parts, as at Fig. 263 (III) ; number these as shown, and draw lines perpendicular to EG. Make E3 33, and 
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G3 equal to C3'. Points in the required curve are found by making the distances 2, 2, 1, 1, 0, 0, equal 
to the perpendicular distances of 2', 1' and 0' from the line AB. Drawing a fair curve through the points, the figure 
so obtained is the development required, and is the shape to which the sheet metal must be cut before bending. 



Fig. 203. — Intersection of Main and Branch Pipes. 


If the larger cylinder be made by bending a sheet of stiff paper to the cylindrical form, then setting out the 
development on a similar sheet of paper and bending to a cylindrical form, so that the lines E3, G3 coincide, it will 
be found that the shape thus obtained will fit the larger cylinder. 

Marine Connecting Rod End. In Fig. 264 the elevation, end view, and plan of a portion of a connecting rod end 
is given, consisting of a round rod and a rectangular block. The diameter of the rod increases as it approaches the 
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block and the junction of the rod and block produces a curve as shown at C. To determine points in this curve a 
series of vertical sections indicated by the numbers 1, 2, 3 may be taken, from which points in the curve can be found. 
Thus, the end view of a vertical section ef will consist of two circular arcs sp, qx and the straight lines pq, xs. The 
points pq are obviously points on the surface of theldock, and a projection line from p intersecting the line ef at 2 
is a. point in the required curve. To obtain the vertex of the curve, a section mn is taken so that m3 is equal to the 



Ym. ‘264. — Marine Connecting Rod End. Em. *265. — Forked End of a Connecting Rod. 


width of the block. The limiting points in the curve axe obtained by means of a section through gk (the greatest 
diameter of the rod). Ot her points can be found by taking sections indicated in Fig. 264, and the curve required 
can be drawn through the points so obtained. The vertex of the curve will be found to be a point if the width of th$ 
block is equal to the least diameter of the rod. 
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Forked End of a Connecting Rod. Another example of a machine part which is turned and planed ( i.e . a plane 
section of a surface of revolution) is shown in Fig. 265 as in the preceding case, a series of vertical sections in the 
curve AB are taken ; then points in the required curve are obtained by projection. Finally, a fair curve is drawn 
through these points. 

Ex. 6. Draw the three views of a connecting rod end to the given dimensions (Fig. 264) ; also find the curve 
at C when the width of the block is equal to the rod or 8 in. Scale 6" =1 ft. 



Wrought -iron Crank. Tn the elevations of a crank, as in Figs. 216, 217, p. 187, a curve is formed at the junction 
of the rectangular web and the cylindrical boss. The form and extent of this curve may be obtained by taking a 
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number of sections (as in the preceding cases), and determining points in the curve. In Fig. 266 the elevation and 
end view of the larger end of a wrought iron or nuld steel crank is shown. The curve of intersection begins at a 
and ends at b. The latter is obtained by a projective from f where the curve ef touches the boss of the crank. 

The remaining points in the curve are found by means of sections, the construction lines of these are shown 
in Fig. 266. 

Oast-iron Crank. The form of this crank is similar to that of the wrought iron crank except that the rectangular 
web is stiffened by means of one or two feathers F. When one feather is used it is placed in the centre, as in Fig. 
267 ; when two are used they are placed on the edges of the web instead of at the centre. 

The crank is fixed to the crank shaft, and the crank pin to the 
crank, either by forcing or shrinking (see pp. 187, 188). The curve a, b, 
at the junction of the web and the boss at the larger end, may be 
obtained as in the preceding example, and is shown in Fig. 266. At the 
crank pin end the junction of the web, W, and the boss, C, determines 
the curve a, 4. Fig. 268. The junction of the boss and the feather F 
gives the curve b, 2. The construction in both cases is shown in 
Fig. 268. 

Wheel Teeth. The condition for smooth running when two wheels 

are in gear is that the ratio of their speeds must be constant, or the 

same as two non-slipping rollers, or cylinders, the diameters of which are 
the pitch circles of the wheels; hence, from the relation V=wr and 
v =-«jR (p. 95), the velocity ratio V/v must be constant and equal to cor/w,R, 

In Fig. 269 the points C and D arc the centres of a pinion and a 
wheel ; r and R the radii of the pitch circles touching each other at the 
point P. Two teeth are in contact at m, n where m a point of tfye tooth 
on the wheel is in contact with n a point on the tooth of the pinion. 

From geometry it is known that when two curves (omitted in Fig. 
269) are in contact they have a common perpendicular TT. 

The points, m on the tooth of one wheel, in contact with the point n on the other, are moving with different 

velocities, the point m moving in the direction oi^ the tangent jto the circle, centre D, velocity v, the point n in 
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the direction of the tangent to the circle centre C, velocity V ; 
but the components of these velocities along TT must be the 
same or the two points m and n would have relative motion 
along the line TT. Let V, denote the component velocity of m 
and n in the direction of TT, draw DM, CN. from the centres D 
and C perpendicular to the line TT, then the ratio of the angular 
velocities is given by 

V, V, _ CN CP r 
DM - CN ~ DM " DP ” R 


The required condition is, therefore, that the common per- 
pendicular to. the profiles of the teeth at any point where they 
are in contact must pass through the pitch point. This condition 
is satisfied either by Cycloidal or by Involute curves, and portions 
of one of these curves are used for the profiles of the teeth of 
wheels. (Neglecting friction, the pressure between the teeth is in the 
direction of the common perpendicular at the point, of contact.) 


Cycloid. One method of describing 
101. Another is as follows: — Draw 



Fm. 270.— Cyoloict 


•ribing a. cycloid is given on 
Draw the rolling circle, the 
tangent at A and make A 0", 
equal to the arc A, 6 (p. 
83). Divide the arc and the 
straight line each into the 
same number of equal 
parts. Kig. 270. Draw lines 
parallel to AB through 1, 
B 2 ... 6. As the circle rolls 
along AB the points 1, 
9 fi coincide in turn with 



Fin. 260. 


•the points 1", 2 " ... 6". Using each point 1', 2' ... fi' on the path 

of the centre in turn, radius equal to that of the rolling circlf, points on the required curve are obtained. 
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Rack and Pinion. 



Fig. 271. — Hack and Pinion. 


A cycloidal curve may be used for the teeth of a rack, Fig. 271 ; thus, assuming the rack ’ 
to be fixed, a point on the teeth of a wheel in contact with it will during its motion 
describe a cycloid, and hence the wheel will leave the rack smoothly if the face of each 
tooth of a rack is made of a cycloidal form. The flanks of the teeth are usually 
made radial. 

Epicycloid and Hypocycloid. The curve traced out by a point on the circumference 
.. of a circle rolling on the outside of another (fixed circle) is an epicycloid , when it rolls 
on the inside a hypocycloid. Let C, Fig. 272, be the centre of the fixed circle of which 
) a portion AB is shown. D and E are the centres of the rolling circles in contact with 
J the fixed circle at P. The constructions necessary to obtain points in both curves are 
the same as these used in drawing a cyloid. Fig. 270. 



C v 


Fig. 272. — Kpicycloid ami Hypocycloid. 


Involute of a Circle. If a straight line roll on a curve, the locus of 
any point on the line is called' an involute of the curve. To draw an in- 
volute of the circle OABD, Fig. 273, make OC equal to the semi- 
circumference OAB (p. 83). Divide each into the same number of equal 
parts and draw tangents to the circle at points 1, 2 ... 6. Make the 
distances 11", 22" ... 06" equal to 01', 02' ... 06', a fair curve through 
the points 0, 1" ... 6" is the involute required. 


Involute Teeth. In- 
volute teeth for wheels 
are usually better 
adapted for general 
purposes than those of 
cycloidal form. The 
path of contact (locus 
of the points of con- 
tact of a pair of teeth) 
is a straight line in- 
clined at 75° to thl 



Fig. 273. — Involute of a Circle. 


line of centres, or 15° to the tangent at the pitch point. 'With involute teeth the direction of the pressure 
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between the teeth is constant, instead of being variable as in cycloidal teeth. All involute teeth of the same 
pitch will gear together ; also the distance between the axes of the wheels may be slightly altered without any 
change in the smooth working of the wheels. 


The curves for the teeth may be obtained by drawing an involute as in Fig. 273 or by drawing a straight 
line on a piece of tracing paper, placing the line in contact with the curve, and by means of a needle point 
rotating the line about the base circle. Mark the ends of the 

line, and finally obtain a circular arc to pass through the points ; j 


in this manner the required curve can be obtained. An ap- 
proximate method given by Prof. Unwin may be staled thus 

Draw (Fig. 274), the pitch circle AB, the tangent TT at P, 
and the line CP at 15° to TT ; the base circles are drawn 
touching the line CP. Make Pn equal to the height of a tooth, 
and mg = §mn ; draw the line fg touching the base circle at f ; 
then c the required centre is found by making fc £fg, and a 
circular arc radius cP determines the required curve PO. 

The flanks of the teeth within the base circle are made 
radial. Contact of the teeth does not take place within the 
base circle. 



Helical and Screw Gearing. When two wheels are in gear \ j 

the motion becomes smoother as the pitch of the teeth is \ \ 

reduced, but this reduces the strength by diminishing the thick- \ 

ness of the teeth. The difficulty is obviated as follows : — if \ j 

the teeth of a spur wheel instead of being parallel to the axis ^ 

of the wheel are twisted through a definite angle, then what Fio. 274.— involute Tooth, 

is called a single helical wheel is obtained. Fig. 275 (1). Two 

such wheels will gear together when the angles of the teeth are the same and they are suitably geared, but the 
obliquity produces side pressure. This difficulty is overcome by using double helical wheels shown at (II) ; the 
angle is usually about 30°. Helical wheels with machine-cut teeth transmit motion uniformly and noiselessly both 
for high and low speeds ; they are largely used for milling machines, cranes, etc., also in reducing gears from a steam 
turbine to propeller shaft. Thus, in a Parsons double reductjpn geared turbine, 3510 rev. per min., driving a 
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nroneller .sh ift at 78 rev per min., the reduction gearing of 1 : 45 in two steps is effected by using wheels anjl 
pinions of' double helical type ; the wheels are of cast iron with steel tyres shrunk on, the pinions of nickel steel, 
axial pitch , 7 ., in. and 1 in. respectively, angle of teeth 30". , . . 

Worm (fearing. A worm wheel W consists of a wheel with the teeth set. obliquely omts rim, and gearing with 
the thread of a screw SS. Kig. 270. The wheel will advance one, t wo or three teeth for each revolution of the 
worm SS according as the screw thread consists o! a single, double or triple thread. 





Ym. 276.— Worm and Worm Wheel. 

Worm gearing may be used for reducing speed, as in some electric motors, for tightening the packing in a gland, 

F ' g - The' worm and wheel are usually made so that tte worm drives the wheel in light mechanism the wheel I may 
be used to drive the worm by increasing sufficiently the obliquity of the teeth, i he section of the teeth of the worm 

and wheel arc the same as those of a rack and pinion in gear. 

Built-un Wheels and Pulleys. The rim and arms of a pulley may be made of wrought iron or mild steel, and the 
Built up wneeis ana r y n () f this kind are lighter than those of cast iron and more trust- 

manure, -pur and flywheel, of I** diameter are 
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usually built-up. One method of fastening the segments of the rim to each other and to the arms is illustrated 
in Pig. 134 ; another method is shown in Pig. 277. The arms and nave of the wheel may he cast in one piece as in 
Fig. 278. To lessen the strains due to unequal contraction in cooling the nave is frequently slotted between the 
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Fhl 277.— Kim of built-up Wind. 



Fl(i. 27N.— Bi>sh mid Anns ot Spur Wheel. 


arms, as at SS These are fitted witli metal plates, and finally wrought iron or steel rings, WW, arc shrunk on to 
hold the parts of the nave firmly together. 













Fig., 281. — Double Spring-loaded Safety Valve for Boilers. 

View P is a sectional elevation taken along the line p^psp 4 of 
figure Q, and view Q is a plan with parts removed. Draw views shown, 
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Fig. 283.— Pedestal 

Draw elevation, and view and plan, scale, full size. 
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X. 


ad of Connecting-rod 

d view Mid plan, Scale 
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Double . Thrpff rfp/t Arrow 



±--2'A--k- -/Ve-l 


'r-lbfitJh' 

| Spanner 


i— l \ £ / L aLl 


* 1 s/ £ '—y 






-/2 Threads per /nch 







m±.m 


' Fig. 286.— Injector Steam Cock. 

Draw the three views shown. Also make a separate drawing of the valve 
spmdle. Scale, full size. 
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Fig. 287. — l|-inch bearing. 

The diagram gives dimensioned hand-sketches of details of a simple hearing. Draw full size, inserting 
dimensions : 

(a) An elevation corresponding with A, but in section, adding the cap and one of the $" studs. 

(b) An elevation, projected from (a), looking on the face indicated by the arrow. In this view 

the cap, cap screws, and the §" seeds should be shown. 

(c) A plan. 

N.B . — Do not draw the pictorial view, nor the parts separated as in the diagram. Dotted lines, 
representing hidden parts, are not required. 
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Questions. 

The Sketches in answer to these questions should be drawn freehand. 

1. Sketch full size, inserting dimensions, two v’ews of a wheel boss, fixed to a shaft by means of a sunk gib 


key, as follows : 

Diameter of shaft, ------ 2" 

Diameter of boss, ------ 4" 

Length of boss, ------- 3" 

Width of key, ------- f" 

Depth of key, ------- J* 

Taper of key, J" per foot. 


2. Name the materials of which the parts of the inch Bearing, Fig. 287, and the several parts A, B, C, D, 
E and F of the end of connecting link of an Air Compressor, Fig. 288, would be constructed. 

3. Sketch full size, inserting dimensions, a 1" rag bolt or Lewis bolt, suitable for securing the frame of a 
machine to a stone foundation. Explain how T the bolt is fixed in the stone. 

4. Explain briefly, with sketches, how you would set out, drill, and tap the hole marked H in the inch 
Bearing on the diagram, Fig. 287. 

5. Sketch in section the armature of a small drum wound motor, showing clearly how the stampings are 
secured. 
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Trace in ink the drawing of a crank shown. 

The lines should be very black, of uniform and moderate width, and as continuous as possible. 


CRANK, 
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Fig. 290.— Adjustable Footstep Bearing. 


Draw to scale and complete the two projections partly shown in diagram, and also draw a vertical section 
through line EF, correctly projected, loo'king in the direction pi the arrow G. . 

Scale, \ size. No dotted lines need be shown, and ti^pared dimensions need not be inserted. 
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Fig. 291.— Lift Valve. 

Draw, full size, an outside view 
corresponding to the vertical section 
shown. Draw also a sectional plan 
through line CD, with the spindle 
K removed. Finally draw a sectional 
elevation taken through the centre line, 
looking in the direction of the arrow 
marked H. 

Also make a plan and the two end 
elevations of the spindle marked K, all 
the necessary dimensions being shown 
on it. 

Scale, full size. 

No dotted lines need be shown and 
figured 'dimensions need not be inserted 
in the three first views. 
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Questions. 

The. Sketches in answer to these questions should be. a 


and on squared foolscap paper. 


'v W - 

Fi _ materiaIs y° u would make the /P aute -marked A N, O, P, in the footstep drawing, 

' sketch an arrangement to prevent the* rotation of the footstep bearing (N) in the casting O. 

2. A wrought iron crank shaft is formed by bending 2?' round bar as shown in sketch. 



How would you proceed to turn the part marked A? 

3. A plate girder is made up of a vertical web 2' deep connected to top and bottom flanges 1' wide 
uf * * ' , Th “ • Mh *5? **T P '*“ r *“• Sk ' teh * Tth. above 

girder, putting in the necessary dimensions. Show also a suitable stiffener. 

4 Sketch to scale half size, inserting dimensions, a double-rivetted butt joint with two straps, as 
used m the longitudinal joint of a boiler. Rivets, f" diameter, pitch, 3", and thickness of plate f". ? What 
would he the efficiency oi this joint? t • 

? 10W ’ by f,n etch . CS ; thc *? c $ lod of holdin 8 and insulating the bars of a commutator of a continuous 
current dynamo. Iho shaft is 3 diameter, and the outside of the bars 8" diameter. 
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Gland 



Fig. 292. — Tracing. 

Trace in ink the two views of the gland shown on Diagram. 
Insert the dimensions and print the title as shown. 

The lines should be very black, of uniform and moderate 
width, and as continuous as possible. 



Copy to be/ bmceol* 
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JfiG. 293. — Hydraulic Stop 


G,G. Two W square -headed bolts for cap, 
4-Wlong, with hexagonal nuts . 



Make full size separate scale drawings of details, fully dimensioned, as follows: — 


(a) Two views of the valve spindle A. The screw 
thread may be shown conventionally, as in the diagram. 

(b) Two views of the nut B. 

(c) Two views of the gland C. 

N.B . — No credit will be given for drawing the 
representing hidden parts, are not required. 


(d) Two views of the bush D. 

(e) Two views of the seating E. 

(/) Three views of the cap F. 

(g) Three views of one of the f " cap bolts G, with 'nut. 
parts assembled, as in the diagram. Dotted linel, 
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Fig. 294. — Bracket. 

♦ 

The form am] dimensions of a bracket (for a lathe bed) are exhibited by two pictorial views. Draw 
iufl size, inserting dimensions : — 

I » Jul A ” elcvfttlon ’ ttS 8een wllen lookin S in the direction of the arrow R. Put in the setscrew and 

JL^irr'bS? *" *-■* thorefrom: tlmt “■ ae 

( o ) A plan. 

N.B.—Do not draw the pictorial views. Dotted lines, representing hidden parts, are not rem.irad 
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Questions. 

The Sketches in answer to these questions should be drawn freehand. 

1. Indicate the parts of the stop valve, Fig. 293, which you would make respectively of brass, cast iron 
and wrought iron. Sketch a method of preventing the nut B from turning in the cap F. 

2. Explain briefly, with sketches, how you would drill or bore the f" hole K, and true up the faces 
marked K, K, in the bracket Fig. 294. 

3. You are given the dimensions of a shaft coupling of the ordinary muff or box type. Make dimensioned 
sketches, lndf size, consisting of an end view and a longitudinal section, with the shaft ends secured by keys. 


Diameter of coupling outside - - - - - - 4J" 

Diameter of bore of coupling ------ 2" 

Length of coupling -------- 7" 

Width of keys -------- f" 


4, Sketch in section, full size, inserting dimensions, a steam engine piston 6" diameter and If" wide, 
with three llamsbottom rings of section J" square. The conical hole for the piston-rod is If" diameter 
at the larger end, and the taper is 1" per foot. 

5. Describe briefly, with sketches, any method you would consider suitable for joining together the 
ends of a stranded cable made up of seven copper wires, each of No. 20 gauge, for carrying an electric current. 
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Tracing. 

Trace in ink the expansion valve shown. 

The lines of the tracing should be black, uniform in width, and of moderate thickness. 





Section Section 

Through C.D. through A.B. 

Fig. 290. — Equilibrium Admission Valve. 
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Questions . 

The Sketches in answer to these questions should be drawn freehand , , and are to be drawn either in pencil or ink . 

1. Sketch, in good proportion, giving a few leading dimensions, a muff or box coupling for the 

connection of two lengths of a machine shop main shaft 3 inches diameter. 

2. How would you proceed to mark off and machine the block Q, Fig. 297, in order to ensure that the 

centre line of the hole for the boring bar is exactly parallel to the sliding surfaces and perpendicular to the 
direction of vertical sliding ? 

3. The leading screw of a lathe is right-handed and has 4 threads per inch. It is required to cut 

a right-hand screw 8 threads per inch. Sketch a suitable train of wheels, and indicate by the sketch 

how the wheels are supported. Assume that the wheel on the mandril has 20 teeth. 

4. Make a sketch of a switch for carrying a continuous current of 100 ampfercs, showing it in position 
on a switchboard. The circuit voltage is about 200. 

5. Sketch a gib and cotter connecting rod end, and show clearly how the cotter is prevented from 
slacking back. 
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Draw either Example L or Alternative Example 2, but not both. 

Also answer any two , but not more than two of the questions numbered 1 to 5. 
Trace in Indian ink on the tracing paper supplied the drawing shown. 


Example I. 

Tumbling Bearing. 

The details of a tumbling bearing for a lathe are given on p. 276. The bearing is designed to 
support the long shaft at the back of a lathe in such a way that a boss projecting from the lathe saddle 
and eucircling the shaft may pass the bearing freely in either direction. The boss moves with the saddle 
along the lathe bed, and eventually comes in contact with the tumbling bearing, which it gradually 
displaces. The bearing falls sufficiently far below the shaft to allow of the passage of the boss. The 
tumbling bearing is restored to its vertical position after lateral displacement, and is maintained in the 
vertical position by the action of the bell-crank balance-weight levers gearing with the inclined ends of 
the vertical levers attached to the bearing supporting the long shaft. 

You are required to draw to a scale of one-half full size : 

(a) The left half of the outside elevation seen when looking in the direction of the arrow A. Show 
all the parts assembled together, so that the bearing stands in its normal position. 

Note . — The dotted lines required to show the outlines of the hidden parts of the levers must be shown 
in this view, 

(b) Project from the half outside elevation (a) the outside end elevation. 

Note . — Dotted lines need not be shown in this view. 

Dimension lines are not required in either view. 



EXAMPLE I 
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Alternative Example 2. 

Engine Cylinder. 

The drawings of this example show one of a pair of cylinders for a vertical steam-engine. Neither 
the cylinder cover nor the steam-chest cover are shown. 

Arranging the vertical centre line of the cylinder lengthways of the paper, in order to have room 
to place the required views in their proper relative positions, draw to a scale of one-half full size : 

(c) In the place of the outside elevation shown, a sectional elevation of the part to the left of MM, 
taking the section through PP. 

(d) An outside view, looking in the direction of the arrow S, of the portion you have drawn in section 
in answer to (a). 

Note . — In neither of these views are you required to show the piston rod, gland, gland studs and neck 
bush, the cylinder cover, and the steam -chest cover. 

Neither dotted lines nor dimension lines need be shown. 
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Questions — only two to be answered. 

The sketches and answers to these questions are to be drawn freehand \ either in pencil or in ink 9 

near the written answer on the squared foolscap paper attached to the drawing paper. The sketches 

must not be made on the drawing paper. 

1. Make a careful freehand sketch of a lubricator of the kind used on the crank end of a connecting 
rod. Show how the oil is brought to the bearing, and very briefly explain the action of the lubricator. You 
may select a type of crank end suitable for either a locomotive or a marine engine, or a horizontal 
stationary engine. 

2. Calculate the thickness of plate for a cylindrical boiler shell, 5 feet diameter inside, so that there 
shall be a factor of safety of 6 when the boiler pressure is 200 pounds per square inch. Assume that the 
strength of the longitudinal riveted joint is 70 per cent, of the strength of the plate and that the ultimate 
strength of the plate is 30 tons per square inch. 

3. Make a bold freehand sketch of a 1-inch stud screwed to the Whitworth standard thread along 

2 inches from one end and long enough to allow a distance of 2^ inches from the face of the boss into 

which it is screwed to the other end. Explain, with the aid of sketches, how you would screw the stud 
securely in placo. 

4. Make a sketch showing how a condenser tube is packed in a tube plate. Assume a tube -J inch 
outside diameter and a tube plate 1 inch thick. 

5. The crank shaft of a petrol engine is coupled to the armature shaft of a dynamo. Sketch $ny 
form of # coupling which will allow for a deviation of exact alignment in the two shafts. 
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Table I. 

USEFUL NUMBERS AND FORMULAE. 

\ r 2 — 1 '414, «/.3 = l 732, n/ 5 = 2-236, «76^2-449. 
ir=31416 or 3142 or v. - 1 - =0’3183. 

7 T 

7T 2 — 9*872. 1 inch = 2*54 cm. 

1 lb. ==453*6 grams, 2jt lbs. — 1 kilogram. 

1 gallon of water=10 lbs. — 0*1604 cul>. ft. 

1 cubic; foot of water — 62*3 lbs. 

Volts x am peres = watts. 

1 horse-power— 33000 ft.-ll)H. per min. 

— 746 watts. 

1 radian— 57*3 degrees. 

To convert common into Naperian logarithms, multiply, by 2*3026 (c— 2*718). 

Menauration Formulae. In the following formulae: A denotes area; S t surface; V t volume; a, b, c, the sides of a figure; A, the altitude; 
ly the slant height ; It and r, radii of circles. 

Rectangle or Parallelogram. A — ah. 

Triangle. A — \ah, or - a)(s - b)(x - c), where s =* i (a + b -f c). 

Trapezium. Parallel sides a and b. A — h(a + l>)/i. 

Circle. Circumference — 2rrr, A — vr l or tt{R 1 — r 2 ). 

Ellipse. Semi-axes a and 6. A —irab. 

Slmpeon'i Rule. A — ^(;1, 4-4//+2C) where * is the space or distance between two consecutive ordinates. Aj is the sum of first and last 
ordinates, 71 is sum of even, and C is sum of the odd ordinates. 

Priam. 8—2 (ab + br+ai'), V— abcy diagonal 4- 

Cylinder. S — 2irrh + 27rr 2 , V— irrVi. 

Cone. 8—7rrl-\-Trr“, V— \Trr*h. 

Sphere. S — 47rr 2 , T r — far' — 0*5236cP. 

Ring. 8— 47r 2 /?r, P— 27 rh^R. 

Weight in lbs. per cub. in. Cast iron, Overwrought iipn, 0 28; Steel, 0*29 ; Brass, 0*298; Copper, 0*319; Lead, 0*414. 


log t r —0*4972 
log 2*718 --0*4343 
log *7854 — 1*8951 
log 62*3 — 1*7945 
log 1728—3*2375 
log *5236 — 1*7190 
log *1605 — 1*2054 
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Table. IV. Table V. 

CHORDS OF ANGLES. WHITWORTH STANDARD SCREW THREADS. 
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•804 

*866 

•869 

•871 

•874 
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•025 

11 

•508 

•2027 

1-10 

1*27 

7 

•122 

•125 

•128 

*131 

■m 

•137 

52 

•877 

•879 

•8G2 

•885 

•887 

•890 


ft 

.*»r 

10 


•3039 

1-30 

1-50 

8 

•139 

*142 

•115 

•118 

•131 

•164 

63 

*892 

*895 

•808 

•i»oo 

•903 

•905 


1 0 


2 

•157 

•100 

•163 

*160 

•108 

•171 

54 

•90S 

•911 

■913 

•910 

•918 

*921 


ft 

•875 

9 

•733 

*4220 

1*48 

1-71 

10 

•174 

•177 

•180 

•183 

•180 

•189 

55 

*923 

*920 

•929 

*931 

•934 

*930 
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1 

8 

•810 

•5543 

1-07 
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11 

•192 

'105 

•107 

♦200 
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*200 

60 

•909 

*941 

•OH 

•947 

•949 

*962 


H 

1*125 

7 

•942 

*0971 
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2-15 
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♦209 

•212 

•215 

•218 

*221 

•223 

57 

•051 

•957 

•959 

•90.: 

•904 

•907 


H 

1-25 

7 

1-067 

•8935 

2*06 

2*37 

13 

•226 

•229 

■232 

•235 

*238 

•211 

58 

■970 

•972 

•975 

•977 

•980 

*982 



14 

•214 

•247 

*249 

•252 

•255 

•258 

59 

•985 

*987 

•990 

•992 

*995 

•997 
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1-375 

6 

1-162 

1-061 

2-21 

2-50 

18 

•201 

•204 

•207 

•270 

•273 

•275 

60 

1-000 

1-002 

1*005 

1-007 

l-oio 

1-013 


H 

1-5 

0 

1-287 

1-301 

2-41 

2-79 

16 

•278 

•2S1 

•284 

•287 

•290 

*293 

01 

1*015 

1-018 

1-020 

1-023 

1-025 

1*028 


U 

1*625 

5 

1*369 

1*472 

2-68 

2*97 

17 

•206 

•208 

•301 

•304 

•307 

•310 

62 

1-000 

1 -033 

1*035 

1-037 

1-040 

1*012 


1ft 

1 *75 


1-494 

1'754 

•D-V 
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18 

•313 

•310 

. *319 

•321 

*324 

•327 

03 

10 15 

1*017 

1-050 

1*052 

1-055 

1*057 
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19 

•830 

•333 

■330 

•339 

•312 

*344 

01 

1060 

1-002 

1-005 

1-067 

1-070 

1-072 


n 

1-875 

4-5 

1T.90 

1-980 

3-02 

8-49 

20 
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•350 

*353 

•350 

•359 

•362 

65 

1-075 

1077 

1-079 

1-082 

1-084 

1*087 


2 

2 

4-5 

1*720 

2-324 

3- 15 

8-04 

21 

*364 

•3G7 

•370 

■373 

•376 

■379 

00 

1*089 

1-092 

1*091 

1 -097 

1-099 

1*101 


2ft 

2-125 

4*5 

1*840 

2*659 

3'34 

8 85 

22 

•382 

•884 

•3P7 

•390 

•393 

•390 

67 

1-104 

1-100 

1-109 

L-111 1 

1*113 

1*1 10 

f 

2ft 

2-25 

4 0 

1*930 

2*920 

8-55 

4-09 

23 

•399 

•402 

*404 

•407 

•410 

*418 

68 

1*118 

1121 

1-123 

1*120 

1-128 

1-130 


24 

*416 

•410 

•421 

•424 

•427 

•430 

09 

1*183 

1-135 

1-138 

1-140 

1-142 

1-145 


2ft 

2*875 

4 0 

2*955 

3*318 

8-75 

4*33 

25 

•433 

•430 

•438 

*441 

•444 

*447 

70 

1-147 

1-149 

1-152 

■ 

1*154 

1*157 

1-159 


2ft 

2 ‘5 

4-0 

2 180 

3-734 

3-89 

4-50 

26 

•450 

•453 

■456 

•438 

•401 

*464 

71 

1*161 | 

1-104 

1-100 

1-108 

1-171 

1-173 


2ft 

2-025 

4*0 

2*305 

4 172 

4-05 

4*68 

27 

•467 

•470 

•472 

■475 

•478 

•481 

72 

1-170 

1178 

1*180 

1*183 

1-185 

1167 


2} 

2-75 

8-5 

2*384 

4*461 

4-18 

4-83 

28 

•484 

•487 

•489 

•492 1 

•495 

*498 

73 

1;190 

1-192 

1*104 

1*197 

1-109 

1-201 


29 

*501 

•50*1 

•500 

•609 

•512 j 

*515 

74 

1*204 

1-200 

1*208 

1*211 

1*213 

1-215 


2ft 

2-875 

3-5 

2-509 

4-912 

4-35 

5*02 

30 

•518 

•520 

•523 

•620 

•529 

•532 

75 

1*217 

1*220 

1*2?2 

1*224 

1-227 

1*229 


3 

8 

3-5 

2*631 

5*451 

4-53 

5-23 

81 

•534 

•537 

•540 

•643 

■540 

*548 

70 

1-231 

1*231 

1-23G 

1-238 

1*240 

1*243 


3ft 

8 '25 

3'25 

2*855 

(V401 

4*85 

5-00 

82 

*551 

•554 

*557 

•560 

•502 

•505 1 

77 

1-245 

1-247 

1*250 

1-252 

1*254 

1-250 


31 

3-5 

8*26 

3105 


5-17 

5-98 

83 

•568 

*571 

•574 

■570 

•579 

•582 

78 

1-250 

1-201 

1*263 

1-205 

1-2CS 

1-270 


( 

84 

•585 

•587 

•590 

•503 

•590 

•599 

79 

1*272 

1-274 

1*277 

1-279 

1*281 

1-283 


3ft 

3*75 

3-0 

. 3’3r.{ 

8-078 

5*55 

6-41 

35 

•001 

•604 

•007 

•610 

•012 

•015 

80 

1*286 

1*288 

1*290 

1-202 

1*294 

1*207 


4 

4 

3-0 

3*573 

10-027 

6*95 

0-87 

86 . 

•618 

•021 

•024 

•026 

•029 

•632 

81 

1*299 

1-301 

1-303 

1-305 

1-308 

1*310 1 


*»ft 

4-25 

2-875 

3*S04 

11-37 

6-37 

7-36 

87 

•635 

•637 

•040 

*643 

•046 

•048 

82 

1*312 

1-314 

1-810 

1*319 

1*321 

1*323 



4-5 

2-675 

4-951 

12-91 

0-82 

7-8S 

88 

•051 

•054 

•057 

*059 

•002 

'005 

83 

1*325 

1-327 

1*030 

1-332 

1*334 

1*330 


4ft 

89 

•668 

•070 

•073 

•070 

•079 

•681 

84 

1-338 

1*340 

1-343 

1*345 

1*347 

1*349 


4| 

4*75 

2*75 

4*2S4 

14*41 

7*30 

8-43 

49 

•634 

•087 

•080 

•092 

•095 

*098 

85 

1*351 

1*353 
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1-358 

1*360 

1-862 
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5 
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16 14 ' 

7*80 
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•700 

*703 

•700 

•709 
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*714 

80 

1*304 

1-360 

1-308 

1-870 

1*372 

1*375 


3ft 
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2-025 

4*702 

17*81 

8*85 

9-04 

42 

48 

•717 

•733 

•719 

•736 

•722 

•738 

•726 

•741 

•728 

•744 

•730 

•740 

87 

88 

1*377 

1-389 

1-379 

1*391 

1*381 

1*393 

1*383 

1*31)0 

1-885 

1*398 

1*387 

1-400 
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5-5 

2-025 

5-012 

19-72 

8-85 

10-22 

44 

*749 

•752 

•7& 

*757 

•700 

•703 

89 

1-402 

1-404 

1*406 
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ANSWERS TO EXERCISES. 


EXERCISES II. p. 44. 

14. By shearing. 15. 1*78". 16. By .shearing 17. 2 078", 1*813". 19. 55*6% 
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EXERCISES in. p. 65. 


18. 

rw 

-■ 0-f>98"). 



19. 

24. 

a \ 

1" 

ir 

o i " 

3" 


V | 

0*125" 

0*1 65" 

0 245" 

0*285" 


u | 

8 

6 

4 

3 5 


7 |i 

0*84" 

1 *27" 

i 

2*11" 

2*54" 


20. 2f (r/, 2*345). 

25. r. 

26. 1-17". 

27. 1*9 Ions. 

28. d,=- 0*63", 


7 . . 12 ' 6 ". 

13. 47*13 ft, ; 352*8 rev. per min. 


EXERCISES V. p. 92. 

8. 60 rev. per mill.; 34 T, 135". 

14. *2 1 in. : 42 in. 


12. 1028} ; 257} rev. 

u 


EXERCISES VIII. p. 138. 


1*69" 


per min. 


9. 


jr> (0*5978"). 



INDEX. 


Adamson ring, 40, 239 
Air pump, valves, 205 ; bucket, 208 ; 
" Edward’s, 208. 

Alloys, 230 ; Babbitt’s metal, 231 ; 
^ Gun-metal, 231 ; Muntz metal, 

231 ; Naval brass, 231 ; Phosphor 
i bronze, 231. 

Aluminium, 231. 

Angle of advance, 204. 

Angle irons, 38, 225. 

Angular, measurements, 1 1 ; velocity, 
94. 

Area, of rectangle, 280. 

Arms, of wheels, 104. 

Babbitt’s metal, 231. 

Back gear, of a lathe, 253. 

, Ball bearings, 118. 

Bar stays, 57. 

Bearings, 108, 143 ; Adjustable, 127 ; 
Ball, 118 ; Crank-shaft, 110, 126 ; 
Dynamo, 128 ; Electric motor, 
* 1 114; Footstep, 117. 


Belt pulleys, 82. 

Best bar, 224. 

Bevel wheels, 104 ; Skew, 104. 
Bisection, of a line, 22 ; of an angle, 
22 . 

Blue prints, 18. 

Boiler, Lancashire, 239 ; joints, 42. 
Bolts, 40 ; Cotter, 50 ; Forms of, 
53 ; Fracture of, 52 ; Lewis, 54 ; 
Prevention of rotation of, 53 ; 
Proportions of, 51 ; Hag, 54. 

Bow- ling hoop, 40. 

Bracket, 108, 121, 233, 234; Pillar, 
113. 

Brass, 231 ; Naval, 231. 

Brushes and saucers, 17. 

Built-up crank shaft, 190. 

Butt, joint, 53 ; Combined lap and 
butt, 34 ; Strap, 33. 

Calipers, 5. 

Case-hardening, 226. 

Caulking and fullering, 32. 

285 « 


Chilled castings, 223. 

Chords, Table of, 13, 283. 

Circle, Area and circumference of, 
280 ; Passing through three points, 
22 . 

City of Rome , Crank-shaft of, 191. 

Clinograph, 9. 

Cocks, 208 ; Standard plug, 208. 

Combined lap and butt joint, 34. 

Compasses, 2 ; proportional, 6. 

Cone, Surface and volume of, 280. 

Cone keys, 70. 

Condenser tubes, 57. 

Conical head, 30. 

Conical disc valve, 200. 

Connecting rod, 143, 152, 173 ; Box 
end, 176, 183 ; Marine form' of, 
177, 179, 243, 244; Section of, 
173 ; Strap and cotter, 174, 184. 

Connection of parallel plates, 242. 

Coupling rod end, 182. 

Constructions, Geometrical, 22. 
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INDEX 


Copper, 230. 

Corrugated tubes, 241. 

Cotter bolt, 66 ; Joints for tie rods 
of, 64. 

Counter-shaft, 90. 

Countersunk head, 30. 

Couplings, Box, 72 ; Half-lap, 74 ; 
Flange, 74 ; Flexible, 78 ; Fric tion 
cone, 78 ; Loose, 72 ; Marine 
shaft, 75 ; Muff, 72 ; Oldham’s, 
75 ; Universal, 78. 

Crank, 142, 186, 187, 245, 246; 
Disc, 189 ; Gas engine, 186 ; Port- 
able Engine, 187 ; Overhung, 187. 

Crankshaft-bearing, 116; Built-up, 
190 ; of City of Rome, 191 ; Loco- 
motive, 195. 

Crank pin, lubrication, 190. 

Crosshead, 142, 162, 164 ; Marine, 
166. 

Curved arms, 86. 

Cup leather, double, 160. 

Cycloid, 247. 

Cylinder, 143, 145, 203 ; Liner of, 
143, 217 ; Surface and volume of, 
280 ; Strength of, 1 37 ; Inter- 
section of two, 242. 

Drawing, board, 3 ; Engineering, 
236 ; Enlarging and reducing, 6 ; 
pen, 3, 9 ; pins, 4 ; rivet head, 
30 ; Scale, 10 ; Working, 18. 


Design, for a joint, 38. 

1 liameter of rivet, 30. 

Dimensions, 1 1 . 

Disc crank, 189. 

Disengaging coupling, 72, 76. 
Dividers, 2. 

Double spring-loaded safety valve, 
254. 

Double cup leather, 160. 

Double riveted lap joint, 32. 

Double acting pump, 218. 

Ductility, 224. 

Dynamo bearing, 128. 

Eccentric, 192, 194, 196, 197. 
Edward’s air pump; 208. 

Effects produced by vibration, 226. 
Efficiency of joint, 37. 
Electric-motor, bearing, 114 ; Four- 
pole, 255. 

Ellipse, 26 ; Area of, 240. 

Engine, Horizontal, 143 ; Steam, 217. 
Engineering drawing, 236. 
Epicycloid, 101, 248 
Equilateral triangle, 24. 

Expansion joint, 137. 

Factor of safety, 225. 

Fast and loose pulleys, 

Fettling, 222. 

Flat bars, 38. 

Flange joint, 130. 

Flexible coupling, 78. 


Flue joints, 40. 

Fly-wheel, 143. 

Footstep bearing, 117. 

Four-pole electric motor, 255. 

Force pump, 219. 

Forged steel, crosshead, 166 ; piston, 
149. 

Forms, of bolts and screws, 53 ; of 
rivet heads, 29. 

Fox’s tubes, 241 . 

Fracture, of bolts, 52 ; of riveted 
joint, 34. 

French curves, 5. 

Friction, 228 ; Laws of, 229 ; 

Measurement of, 229. 

Friction clutches, 95. 

Friction cone coupling, 78. 

Fullering and Caulking, 32. 

Furnace tubes, 240. 

Galloway’s tubes, 239, 240. 

Gas engine, Crank-shaft for, 186 ; 

Piston of, 152. 

Gas threads, 53. 

Gearing, Belt, 83 ; Helical, 249 ; 
Rope, 91 ; Screw, 249 ; Wheel, 
94 ; Worm, 250. 

Geometrical constructions, 22*. 

Gib key, 70. 

Girders, 223 ; Cast-iron, 223 ; Plate, 
225 ; Rolled iron, 225 ; Stay, 62.^ 
Gland, 157. 
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Guard ring, 148. 

Guide bars, 143, 163. 

Guide block, 169. 

Sun metal, 231. 

Gusset stays, 43. 

Hand sketching, 20. 

Hangers, 111, 112. 

Hardening, 227 ; Case, 226. 

Helical gearing, 249. 

Helix, 47. 

Hexagon, 24. 

Hooke’s joint, 78. « 

Horizontal engine, 143. 

Hydraulic, packing, 159 ; Pipe joint, 
133, 135, 139 ; piston, 151 ; 

press, 235 ; stop valve, 210. 
Hypocycloid, 101, 248. 

[ndia-rubber, valve, 200, 206. 
[nking-in, 17. 

Inside lap, 204. 

Instruments, Use of, 7. 

Intersection of two cylinders, 242. 
Involute, 248. 

Iron, 221 ; Cast, 221, 222 ; Pig, 222 ; 
Wrought, 221, 224 ; Malleable, 
223. • 

Joints, 28 ; Boiler, 42 ; Blown, 1 33 ; 
Butt, 29, 33 ; Cotter, 64 ; Design 
for, 38 ; Double-riveted lap, 32 ; 
1 Efficiency of, 37 ; Expansion, 137 ; 
Flange, 130 ; Flue, 40 *, Hydraulic, 


133, 135 ; Hydraulic pivot, 170 ; 
Knuckle, 63 ; Lap, 29, 32 ; Lead 
pipes, 133 ; Single riveted lap, 
30 ; Steel pipes, 1 36 ; Socket and 
spigot, 131; Tank, 136; Union, 
132, 141 ; Wiped, 133 ; Wrought 
iron, 132. 

Junk ring, 147. 

Keys, 68 ; Cone, 70 ; Gib, 69 ; Pro- 
portions of, 69 ; Sliding, 70 ; 
Taper of, 70. 

Kinghorn’s valves, 208. 

Knuckle joint, 63. 

Lap, of a valve, 204. 

Lapping, 228. 

Lancashire boiler, 239. 

Lead, of a vajve, 204. 

Lead pipes, 133. 

Lewis bolt, 54. 

Liners, 145. 

Locking arrangements, 59. 

Locomotive, piston, 146 ; Crank 
shaft, 195. 

Lubrication, 230 ; of crank pin, 
190. 

Malleable iron, 223. 

Manufacture of steel, 226. 

Marine engine, 116 ; Connecting rod 
for, 179 ; Piston for, 148 ; Valve 
rod end for, 185. 

Margin, 29. o m 


Measurements, 11 ; Angular, 11 ; in 
degrees, 11; of friction, 229 ; of 
radian, 12. 

Merchant bar, 224. 

Mensuration formula), 280. 

Metal-flap valve, 206. 

Metallic packing, 145, 158. 

Metric projection, 14. 

Mitre wheels, 103. 

Modes of fracture of single riveted 
lap joints, 36. 

Morison’s suspension furnace, 241. 

Mortise wheels, 104. 

Moulds, 222. 

Muntz metal, 231. 

Naperian logarithms, 240. 

Naval brass, 231. 

Nuts, Proportions of 51 ; Projections, 
of, 49. 

Octagon, 24. 

Oldham’s coupling, 75. 

0\itside lap, 204. 

Orthographic projection, 15. 

Overhung crank, 187. 

Packing, 158 ; Asbestos, 158 ; Hemp, 
158 ; Hydraulic, 151, 159 ; Rings, 
146, 147 ; Metallic, 145, 158 ; 
Ramsbottom’s, 145. 

Parabola, 27. 

Parsons’ turbine, 249. 

Patterns, 222. 
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Pedestal, 109, 124 ; Side, 125. 
Pencils, 1. 

Perspective projection, 14. 

Phosphor bronze, 231. 

Pillar bracket, 113. 

Pipes, 129 ; Lead, 133 ; Steel, 13G ; 

Wrought iron, 132. 

Pin joints for tension bars, 65. 
Pistons, 142, 145 ; Gas engine, 

152; Hydraulic, 151, 154, 155; 
Forged steel, 149 ; Locomotive, 
146 ; Marine, 148 ; Steel, 147. 
Pitch of screw threads, 46 ; of rivets, 29. 
Plate girder, 225. 

Plates at right angles, 39. 

Plug cock, Standard, 208. 

Polygon, Regular, 23. 

Press, Hydraulic, 235. 

Prism, Surface and volume of, 280. 
Printing, 6 ; frame, 18. 

Proportions of bolts and nuts, 51 , 283. 
Proportional compasses, 6. 
Projection, 13 ; of a hexagonal nut, 
49 ; Metric, 14 ; of a nut, 48 ; 
Orthographic, 15 ; Perspective, 14. 
Protractor, 12. 

Pucfdle bar, 224. 

Pulleys, Arms of, 83, 85 ; built-up, 
84, 250 ; Fast and loose, 86 ; 
Rims of, 85 ; Rope, 85, 91 ; 
Wrought-iron, 85. 


Pump, Double-acting, 218 ; Force, 
219. 

Rack, 100 ; and pinion, 248. 

Radian measure, 12. 

Rag bolt, 54. 

Ramsbottom’s packing, 145 ; Safety 
valve, 208, 211, 220. 

Rectangle, Area of, 280. 

Refining, 224. 

Regulating valve, 212. 

Regular polygon, 23. 

Resistance, of a riveted joint to 
fracture, 34. 

Rim, Chain-pulley, 86 ; Rope-pulley, 
85 ; Wire-rope, 85. 

Rivets, 28, 225 ; Diameter of, 30. 
Riveting, 28 ; Bridge and Girder 
work, 38 ; Butt joints, 33 ; Lap 
joint, 32. 

Rolling, 224. 

Rolled iron girder, 225. 

Rope pulleys, 85, 91. 

Safe working stress, 225. 
Safety-valve, Double spring-loaded, 
254; Ramsbottom’s, 211, 220; 
Spring-loaded, 215, 252. 

Saucers and brushes., 17. 

Scales, 5. 

Screw threads, 46, 50 ; Buttress, 50 ; 
Conventional methods for, 48 ; 

Gas, 53 ; Knuckle, 50 ; Sellers, 
c * 


50 ; Square, 46, 49 ; Vee, 46 ; 
Whitworth, 46. 

Screw gearing, 249. 

Sections, 15 ; of bars, 18. 

Sectioning, 15, 16. 

Set screws, 53. 

Set squares, 1,4 ; Use of, 8. 
Shafting, 71. 

Shaft couplings, 72 ; Box, 72 ; 
Flange, 74 ; Half-lap, 74 ; Loose 
or disengaging, 72 ; Friction cone, 
78 ; Flexible, 78 ; Muff, 72. 
Shingling, 224. 

Shrouded wheels, 105. 

Simple geometrical construction, 22 
Simpson’s Rule, 280. 

Simple riveted lap joint, 32. 
Single-acting engine, 151. 

Skew bevel wheels, 104. 

Slide bars, 162. 

Slide block, 170. 

Slide valve, 202, 204, 216. 

Smelting, 222. 

Snap head, 30. 

Socket and Spigot, 129, 131. 
Spanner, 62. c 

Sphere, Surface and volume of, 280. 
Special bolts, 54. 

Speed cones, 88. 

Spring bows, 3. 

Spring washers, 61. 










